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(57) Abstract: The inventioo lebttes to quinazoline derivatives 
of fonnula (I)t whaein m is an integer firom 1 to 3; R^ lepr^ 
sents liaiogeno or Ci.ialkyi; X' rqnesents R^ is selected 
from oneof thefoUowingthieegnnqK: I)Ci.5alfylR^(wfaetein 
R^ is p9eridin-4-yl which may bear one or two wibstininits se- 
(I) lecled fiomhydnny, halogeno^ Ci^^aDs^ Ci.4hydiOKyalkyi and 
Ci.4aJbay; 2) CzrsalloenylR^ (wfaerenx R' is as defined hereinbe- 
foie); 3) CualkynylR^ (wfaeiem R' is as defined heiehbefore); 
and wherein any alkyl, alkenyl or aUiynyl group m^ bear one or 
mote substituents selected fixim hydroxy, halogeno and amino; 
and salts thereof processes for ibeir laeparalion, phannflmi- 
tical oomposidons containing a compound of fonnula Oi) or a 
phannaceutically acceptable salt thereof as active ingredient The con^Mnrnds of focmula (0 and the pharmaceuticaUy aco^ytable 
salts thereof inhibit the efifects of VEGF, a piopecty of vahie in the treatment of a number of disease states inchidbg cancer and 
ifaeumatoid arthritis. 
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QUINAZOUNE DERIVAHVES AS YEGF INHTOITORS 



The present invention relates to quinazoUne derivatives, processes for their 
preparation, phannaceutical compositions contuning ihem as active ingredient, methods for 
5 the treatment of disease states associated with angiogenesis and/or increased vascular 

permeability, to thdr use as medicaments and to their use in the manufacture of medicaments 
for use in the production of antiangiogenic and/or vasc^ar permeability reducing effects in 
warm-blooded animals such as humans. 

Normal angiogenesis plays an important role in a variety of processes including 

10 embryonic development, wound healing and several components of fmale repioductive 
function. Undesirable or pathological angiograesis has been assodated with disease states 
mcluding diabetic retinopathy, psoriasis, cancer, theumatoid arthritis, adieioma, Kaposi's 
sarcoma and haemangioma (Fan et al, 1995, Trends Pharmacol. Sd. 16: 57-66; Folkman, 1995, 
Nature Medicine 1: 27-31). Alteration of vascular permeability is thought to play a role in 

1 5 botii normal and pathological physiological processes (Cullinan-^Bove et al, 1 993, 

Endocrinology 133: 829-837; Senger et al, 1993, Cancer and Metastasis Reviews, 12: 303- 
324). Several polypeptides with in vitro endothelial cell growth promoting activity have been 
identified including, acidic and basic fibroblast growtii factors (aFGF & bFGF) and vascular 
endothelial growtii factor (VEGF). By vutue of the restricted expression of its receptors, the 

20 growth factor activity of VEGF, in contrast to that of the FGFs, is relatively specific towards 
endothelial cells. Recrat evidence indicates that VEGF is an important stimulator of botii 
normal and pathologicai angiognesis (Jakeman et al, 1993, Endooinology, 133: 848-859; 
Koldi et al, 1995, Breast Cancer Researdi and Treatment, 36: 139-155) and vascular 
pameability (Connolly et al, 1989, J, Biol. Chem. 264: 20017-20024). Antagonism of VEGF 

25 action by sequestration of VEGF witii antibody can result in inhibition of tumour growth (Kim 
et al, 1993, Nature 362: 841-844). 

Receptor tyrosine kinases (RTKs) are important in the transmission of biochmiical 
signals across the plasma monbrane of cells. These transmmbrane molecules 
characteristically consist of an extracellular ligand*binding domain connected through a 

30 segment mtiieplasniamembnme to an mtracellular tyrosine Idnased^ Bindmgof ligand 
to tiie receptor results in stimulation of the receptor-associated tyrosine kinase activity which 
leads to phosphorylation of tyrosine residues on both the receptor and other intracellular 
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molecules. These changes in tyrosine phosphorylation initiate a signalling cascade leading to a 
vadety of cellular responses. To date, at least nineteen distinct RTK subfamilies, defined by 
amino acid sequence homology, have been identified. One of these subfamilies is presently 
comprised by the fins-like tyrosine Idnase recqrtor, Fh or Fltl, the kinase insert 
5 domain-oontaming receptor^ KDR (also refimed to as Flk-1), and another fins-like tyrosine 
kinase receptor, Flt4. Two of these related RTKs, Fit and KDR, have bem shown to bind 
VEGF with high afFmity (De Vries et al, 1992, Science 255: 989-991; Tennan et al, 1992, 
Biochem. Biophys. Res. G)mm. 1992, 187: 1579-1586). Binding of VEGF to these receptors 
expressed in heterologous cells has been associated with changes in the tyrosine 

10 plK>sphoxylation status of cdlular proteins and calcium fluxes. 

Quinazoline derivatives which are inhibitors of VEGF recq}tor tyrosine kinase are 
described in IntenoaticKial Patent ^plications Publication Nos. WO 97/30035 and WO 
98/13354. In WO 97/30035 and WO 98/13354 compounds are described which possess 
activity against VEGF receptor tyrosine kinase whilst possessing some activity against EC3^ 

15 receptor tyrosine kinase. 

Compoimds of the present invention fall within the broad gra^al disclosure of WO 
97/30035 and WO 98/13354. We have found that compounds of the present mvention possess 
very good inhibitory activity against VEGF receptor tyrosine kinase. Compounds of the 
present invention, whidi have been tested, show^ vm? activity against a ran^ of tumour 

20 xenografts in mice. Compounds ofthe present invention possess a beneficial toxicological 
profile when tested over 14 days in rats. Compounds ofthe present invmtion possess very 
good inhibitoiy activity against VECSF receplw tyimuie U 

range of tumour xenografts in mice and possess a benefidal toxicological profile v/hm tested 
over 14 days in rats. 

25 Compounds of the present mvention inhibit the effects of VEGF, a propoty of value in 

the treatment of disease states associated with angiogenesis and/or increased vascular 
permeability such as cancer, diabetes, psoriasis, rheumatoid arthritis, Kaposi's sarcoma, 
haCTiangtoma, acute and chronic nef^hnqmthies, atheroma^ arterial restenosis, autoinunune 
diseases, acute inflammation, excessive scar formation and adhesions, endometriosis, 

30 dysfimcticmal uterine bleeding and ocular diseases widi retinal vessdpr^^ 

Compounds of the present invention possess good activity against VEGF receptor 
tyrosine Idnase whilst possessing some activity against EGF receptor tyrosine kinase. 
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Furfhennore, some compounds of Ifae presoit iavention, possess substantially higher potency 
against VEGF receptor tyrosine kinase than against EGF receptor tyrosine kinase or FGF Rl 
receptor tyrosine kinase. While we do not v^ish to be bound by theoretical considerations such 
compounds may for example be of interest in treating tumours which are associated with 
S VEGF, especially tibose tumours which are dq)endent on VEGF for their gn>wtlL It is further 
beUeved that these compounds may be of interest in treating tumour states assodated with botii 
VEGF and EGF, especiaUy where a patient is sufifering from a condition in which tumours are 
present which are depmdmt on both VEGF and EGF for their growth. 

According to one aspect of the preset invention there is provided a qutnazoline 
10 derivative of the formula I: 




0) 

vfhGreiR: 
IS m is an integer from 1 to 3; 

represents halogeno or CL^alkyl; 
represents -0-; 

is selected from one of the following three groins: 

1) Ct.salkylR^ (\)\4ierein R^ is piperidin-4-yl wfaidi may bear one or two stibstituents selected 
20 from hydroxy, halogoio, Cj^alkyl, Ci^ydroxyalkyl and Ci^alkoxy; 

2) C2.5«l^^y^^ (wherein R^ is as deTmed hereinbefore); 

3) Cs^saikynylR' (herein R^ is as defined hereinbefpre); 

and in^errin any alkyl, alkenyl or alkynyl group may bear one or more substituents selected 
from hydroxy, halogeno and amino; 
25 or a salt thereof or a prodrug thereof. 
Preferably m is 2. 
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Preferably the phenyl group bearing (R^Xn is selected from 2-fluoro-4-methylph«iyl, 4- 
chloio-2,6-difluon)phenyi, 4-bionio-2,6-difhioiophenyl, 4-chloio-2-fluon)phenyl group and 
4-bromo-2-fluon)phenyL 

More prefiarably the phenyl group bearing (R\ is selected from 4-dilon>-2-fluoroidLrayl and 
5 4-bramo-2-{luorophayl. 

Most prefi^ly the ph»yl group bearing (R')„ is 44>roniio-2-fluon>phenyl. 
Preferably is C|.5alkylR^ (wherein is as defined hoeinbefore). 
More preferably R^ is C,.3alkyIR^(wherdn R^ is as defined hereinbefore). 
Particulaiiy R^ is piperidin-4-ylmetfayl in vAddi the piperidine ring may bear one or two 
10 substituents as d^ined hereinbefore. 

More particularly R^ is piperidin-4-ylmethyl in which the piperidine ring may bear one or two 
substituents selected from Ci^alkyl. 
Especially R^ is l-methylpiperidin-4-ylmetfayl. 



Accordmg to a further aspect of the pres«t invention tiiere is provided a quinazoline 



wfaoein: 
20 ma is an integer fiom 1 to 3; 

R^* represents halogeno or C,.3alkyl; 
X^* represoits -0-; 

R^ is selected from one of the following three groups: 
1) Ci.saikylR^ (wherein R^ is as defined hereinbefore); 
25 2) Cj^jaikenylR^ (wherein R^ is as defined hereinbefore); 
3) C2^5alkynylR^ (wherein R^ is as defined hereinbefore); 
or a salt thereof or a prodrug thereof 



IS doivative of tfie formula n: 




(H) 



wo 01/32651 PCT/GBOO/04181 
Preferably ma is 2. 

Preferably Uie phaiyl group bearing (R}'%^ is selected fixwn 2-ftuoio-4-metfaylpheayl, 4- 
chlon>-2,6-difluorophaiyl, 4-biomo-2,6-difluorophenyl, 4-chlQro-2-fluQrophenyi group and 
4-bromo-2-{luorophmyl. 
5 More preferably die phenyl group bearing ^^Oim i& selected fix>ni 4-chloio-2-fluorcq^enyl 
and 4-bronio-2-fhioroidienyl 

Most pref(wably ihe phenyl group bearing (R'Oma is 4-broino-2-fluorophenyL 
PrefCTably is Ci.salkyHl? (wherein is as defined hereinbefore). 
More preferably R^ is Ci jaIkylR'(wherein R^ is as defined h^inbefore). 
10 Particularly R^ is piperidin-4-yhnethyl in which the piperidine ring may bear one or two 
substituents as defined hereinbefore. 

More particularly R^ is pipmcUn-4-ybnediyl in whidi the piperidine ring may bear one or 

two substitUCTts selected finom C,^alkyL 

Espedally R^ is l-meaiylpiperidin-4-yhnelfayl. 
IS Preferred compounds oflhepres^ invention include: 

4-(4-cIik)ro-2-fluoroanilino)-6-medioxy-7-(l-methy]piperidin-4-y^ 

4-(2-fluoro-4-methylanilino)-6-methQxy-7-(l-mefliylpiperidin-4-^ 

4-(4-bromo-2-fluoroanilino)-6-metfaoxy-7-(l-methylpipendin-4-yl^ 

4-(4-chlorD-2,6-difluoroanilino)-6-methoxy-7-(l-methylpiperidin^^ 
20 4-(4-bromo-2,6-difluoroanilino>6-methoxy-7-<l-methylpiperi 

4-(4-cUoro-2-fluoroaniIi]K>)-6-mediQxy-7-(piperidin-^ 

4-(2-flucHPD^mediylanilmo)-6-m6dioxy-7-^iperi 

4-<4-bromo-2-fluoroaniltno)-6-mefhoxy-7-(piperidin-4*yb^ 

4-(4<Moro-2,6-difluoroanilino)-6-medioxy-7--(piperidin-^ and 

25 4-(4*bromo-2,6-difluoroanilino)-6-metfaoxy-7-(piperidin^yM 
and sahs thereof especially hydrochloride salts Aereof. 
More preferred compounds of the present invention include: 
4-^4-chloro-2-fluoroanilino)-6-methoxy-7-(l-methylpiperidin-4-ylmethoxy)quina^ 
4-(4-bromo-2-fluoroanilino)<^-methoxy-7-(l-methylpiperidin-4-y]meUK>xy)quin 

30 4-(4*diloro-2,6-difluoroanilino)-^methoxy-7-<l-melfaylpiperidin^ 

4-(4-bromo-2,6-difluoroamlino>6-methoxy-7'<l-mediylpiperidin-4-ybnethox 
4-(4-cM(M^o-2-fluoroanilino)-6-medioxy-7-^iperidin-4-ylmedioxy)qdna2X>^ 
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4-(4-bromo-2-£koroaiulino)-6-methoxy-7-(piperidm-4^ 

4-(4-cMoro-2,6-difluoroaniliiK))-6-meAoxy-7-(piperidm and 
4-(4-bmmo-2^6-difluoroanilino)-6-methoxy-7-(piperidia-4-yl^ 
and salts thmof especially hydrochloride salts Ih^eof. 
5 Particularly preferred compounds of the present invention include: 
4-(4<hkmi-2^fluoioaniUno)-6-ffietfaoxy-7-(l-n(ieb 
4-(4-bromo-2-fluoroamlino)-6*metbQxy-7-(l-metfaylpipm£^ 
4-(4-chioro-2,6-difluon>anilino}-6^edioxy-7-(l-m^ylpipm 
and 

10 4-(4-bronio-2,6HlifIuon)anLlino)-6-methoxy-7-( 1 -metfaylpiperidin-4*yhnelh0xy)quinazoline, 
and salts thereof especially hydrochloride salts thereof 
More particulariy preferred compounds of the present invention include: 
4<4-<Uo]x>-2-fIuoroanilino)-6-methoxy-7-(l-mediylpiperid^ 
4<44>iomo-2-fluoioanilino)-6-methoxy*7-^l-metfa^pipendin 

15 and sahsthereofespedally hydrochloride salts thereof. 
An espedally prrferred compound of the present invention is 
4<<44>ramo-2-{hKXX>anifino)-6Hnedioxy-7-(l-methyl^^ 
and salts thereof especially faydrochlcHide salts thereof 

For the avoidance of doubt it is to be understood that wh^e in this specification a 

20 group is qualified by 'h^einbrfore defmed' or 'defmed hereinbefore' the said group 
encompasses the first occurring and broadest definition as well as each and all of the 
prrfened definitions for that groiq). And a similar ooovmtion applm to 'hminafier defined' 
or 'defmed hminafto** . 

In this spedfication unless stated otherwise the teim "alkyl" includes both stnui^ and 

25 branched diain alkyl groups but refmnces to individual alkyl groups such as "propyl" are 
specific for the straight chain version only « An analogous convention applies to olhar genmc 
terms. Unless otherwise stated the term "alkyl" advantageously refere to chains with 1-5 
carbon atoms, preferably 1-3 carbon atoms. The term '^alkox/' as used h^in, unless stated 
otherwise indudes "alkyr-0- groups in which "alkyF is as hereinbefore defined. The term 

30 "aiyr as used herein unless stated otherwise includes reference to a aryl gmup which 
may, if desired, carry one or more substttuents selected fix>m halogeno, alkyl, alkoxy, nitro, 
trifluoromethyl and cyano, (wherein alkyl and alkoxy are as hereinbefore defined). The term 
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"aryloxy" as used herein unless otherwise stated includes "aryl"-0-groups in which "aiyr is as 
hereinbefore defined. The term '"sulphonylox/* as used herein refers to alkylsulphonyloxy and 
arylsulphonyloxy groups in which "alkyF' and "aryl" are as hereinbefore defined. The term 
*'aIkanoyr as used herein unless otherwise stated includes formyl and all^lOO groups in 
S which "alkyr is as defined hereinbefore, for example Csallanoyl is ethanoyl and refers to 
CH300, Ciallonoyl is fmnyl and refers to CHO. In lSm specification unless stated otherwise 
the term ''alkenyr includes both straight and brandied diain alkenyl gmsps but references to 
mdividual altoiyl groups such as 2-butmyl are specific for the straight chain vmion only. 
Unless otherwise stated the teini "alkenyl" advantageously refers to chains with 2-5 carbon 

10 atoms, preferably 3-5 carbon atoms. In this specification unless stated otherwise the term 
"alkynyP includes both straight and branched chain alkynyl groups but references to individual 
alkynyl groups such as 2-butynyl are specific for the straight chain vei^ion only. Unless 
otherwise stated the term *'allcynyr advantageously refers to chains with 2-5 caibon atoms, 
preferably 3-5 carbon atoms. 

15 In formula I, as herdnbefore defined, hydrogen will be present at positions 2, 5 and 8 

of Ike quinazoline ffoap. 

Within die preset invention it is to be understood that a compwnd of the formula I or 
a salt th^eof may exhibit the phenomenon of tautommsm and that the fcnmulae drawings 
within this specific^on can rq>resent only one of the possible tautomeric forms. It is to be 

20 understood that the invention encompasses any tautomeric form which inhibits VEGF recq)tor 
tyrosine kinase activity and is not to be limited merdy to any one tautomeric form utilised 
witiiin the formulae drawings. 

It is also to be understood that obtain compounds of the formula I and salts thereof can 
exist m solvated as well as unsolvated forms such as, for example, hydrated forms. It is to be 

25 understood that the inv^cm mcompasses all such solvated forms vMdx inhibit VE(7 
receptor tyn»me Idnase activity. 

For the avoidance of any doubt, it is to be understood that in a compound of the 
formula I when is, for example, a group of formula C2.5aIkenylR^ it is the C^jalk^yl 
moiety which is bound to and an analogous convention applies to other groups. When 

30 is a group l-R^prop-l-en-3-yl it is the first caibon to y/bicti the group R^ is attached and it is 
the third carbon which is linked to X\ similarly when R^ is a group 2-R^pent-3-en-5-yl it is 
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the second carbon to which the group is attached and it is the fifth carbon which is linked 
to X\ and an analogous convention applies to other groups. 

Compounds of Formula I may be administered in the form of a prodiug which is 
bn>k» down in tiie hiunan or animal body to give a compound of the Formula I. Examples of 
5 prodrugs include in vivo hydrolysable esters of a compound of the Formula 1. 

Various forms of prodrugs are known in the art. For examples of sudi i»odnig 
derivatives see: 

a) Design of Prodrugs^ edited by H Bundgaard^ (Elsevier, 198S) and Methods m 
Enzymology, Vol. 42, p. 309-396, edited by K. Widder, et al. (Academic Press, 1985); 
10 b) A Textbook of Drug Design and Developmoit, edited by Kiogsgaard-Larsen and 
H. Bundgaard, Chqrt^ S 'Design and Application of Prodrugs", by IL Bundgaard 
p. 113-191(1991); 

c) H. Bundgaard, Advanced Drug Deliv^ Reviews, 8, 1-38 (1992); 

d) H. Bundgaard, et al.. Journal <tf Hiannaceutical Sdmces, 77, 285 (1988); and 
IS e) N.Kakeya,etal.,ChemPhann Bull, 12, 692 (1984). 

An in vivo hydrolysable est^ of a compound of Fcmnula I containing a hydroxy groiq> 
indudes inorganic esters such as phosphate esters (including phosphoramidic cyclic esters) 
and a-acyloxyaOcyl ethos and related compounds which as a result of the in vivo hydrolysis 
of the ester breakdown to give the parent hydroxy group/s. Examples of a-acyloxyalkyl 

20 ethers include acetoxymetfaoxy and 2,2-dimetliylpropionyloxy-methoxy. A selection of m 
vivo hydrolysable ester forming groups for hydroxy include alkanoyl, benzoyl, phenylaoetyl 
and substituted benzoyl and phenylacetyl, alkoxycaibonyl (to give all^l carixmate esters), 
dialkylcarbamoyl andN-(diaIkylaminoethyl>N-alkylGarbamoyl (to give carbamates), 
dialkyiaminoacetyl and caiboxyacelyl. Examples of substituents <hi benzoyl include 

25 morpholino and piperazino Imked from a ring nitrogen atom via a me&ylene group to tiie 3- 
or 4- position of the benzoyl ring. 

The present invention relates to the compounds of formula I as hereinbefore defined as 
well as to the salts thereof Salts for use in pharmaceutical compositions will be 
pharmaceutically acceptable salts, but other salts may be usefijl in the production of the 

30 Gompoimdsof formula land &eir pharmaceutically acceptable salts. Pharmaceutically 
acceptable salts of the invention may, for example, include acid addition salts of the 
compounds of formula I as herembefore defined vAnd^ are sufficiently basic to form such salts. 
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Sudi acid addition salts include for example salts with inorganic or organic acids affording 
phannaceutically aa:eptable anions such as wiAk hydrogen halides (especially hydrochloric or 
hydrobromic acid of which hydrochloric acid is particularly preferred) or with sulphuric or 
phosphoric acid, or with trifluoroacedc, citric or maldc acid. In addition wh^e the 
5 ccMnpounds of formula I are sufTicienfly acidic, phannaceutically acceptable salts may be 
formed with an inorganic or oi;gBnic base i^ich affords a phannaceutically acceptable cation. 
Such salts with inorganic or organic bases include for example an alkali metal salt, such as a 
sodium or potassium salt, an alkaline eartii metal salt such as a caldum or magnesium sah; an 
ammcMiaum salt or for example a sah with melfaylamine, dimethylamine, trim^ylamme, 
10 piperidine, morphoIineortris-(2-hydroxyethyl)amine. 



hereinafter defined) may be prepared by any process known to be applicable to the preparation 
of diemically-retated compounds. Such processes include, for example, those illustrated in 
European Patent Applications^ Publication Nos. 0520722, 0566226, 06028S1 and 0635498 and 

15 in International Patent plications Publication Nos. WO 97/22596, WO 97/30035, WO 
97^2856 and WO 98/13354. Sudifmcesses, are pn»vided as a further feature of tiieinventim 
and are as described heranafier. Necessary starting matmals may be obtained by standard 
procedures of organic chemistry. The preparation of such starting matmats is described within 
the accompanying non-limiting Examples, Alternatively necessary starting materials are 

20 d)tainable by analogous procedures 1o those ilhistrated which are within the ordinary skill of 
an <»:ganic diemist. 

Thus the foUowmg processes (a) to <d) and (i) to (iv) constitute furth^ features of the 
present invention. 

Svnriiesis of Compounds of Formula I 

25 (a) Compounds of the formula I and salts thereof may be pr^ared by the reaction of a 

compound of the formula III: 



A compound of the formula I, or salt thereof, and other compounds of the invention (as 



30 
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(wherein Ri^ and are as defined hereinbefore and is a displaceable moiety), with a 
compound of the fonnula IV: 



5 




NH^ 

(IV) 

10 (\^erein and m are as defined hereinbefore) whereby to obtain compounds of the fonnula I 
and salts thereof A convenient displaceable moiety is, for example, a halogeno, alkoxy 
(preferably C,^alkoxy), aryloxy or sulphonyloxy group, for example a diloro, bromo, 
medioxy, phenoxy, medianesulphonyioxy or toluene-4-sulphonyloxy group. 

The reaction is advantageously effected in the presrace of either an acid or a base. 

IS Su(^ an add is, for example, an anhydn)us inoiganic acid su(^ as hydrogm diloride. Sudia 
base is, for example, an organic amine base such as, for example, pyridine, 2,6-lutidine, 
ooUidme, 4-dimetfiylaminopyridine, triethylamine, morpholine, M-metfaylmoipholine or 
diazabicydo[S.4.0]undec-7-ene, or for example, an alkali metal or alkaline earth metal 
carbonate or hydroxide, for example sodium carbonate, potassium carbonate, caldum 

20 carbonate, sodium hydroxide or potassium hydroxide. Alternatively such a base is, for 
example, an alkali metal hydride, for example sodium hydride, or an alkali metal or alkaline 
earth metal amide, for example sodium amide or sodium bis(trimethylsilyl)amide. The 
reaction is preferably effected in the presence of an inen solvent or diluent, for example an 
alkanol or ester such as methanol, edianol, 2-propanol or ^yl acetate;, a halogoiated solvol 

25 such as methylene chloride, trichloromelhane or carbon tetradiloride, an ethor such as 
tetrahydrofuran or 1,4-dioxan, an aromatic hydrocaibon solvent sudi as tohirae, or a dipolar 
9pTo6c solvmt sudt as N,N-dimelfaylfonnamide, N,N- dunethylacetamide, 
N-metbylpyrrolidin-2-one or dim^ylsulphoxide. The reaction is conveniently effected at a 
temperature in the range, for example, 10 to ISO^C, preferably m ihe range 20 to SO^'C. 

30 The compound of the invention may be obtained from this proc^ in the form of the 

free base or alternatively it may be obtained in the form of a salt with the acid of the formula 
H-L^ whorein has the meaning defined herdnbefore. When it is desured to obtain the free 
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base from the salt, the salt may be treated with a base as defined hereinbefore using a 
Gonveotional procedure. 

(b) Compounds of the formula I and salts thereof may be prepared by the reaction, 
conveniently in the presence of a base as defined hereinbefore, of a compound of the formula 

5 V: 



10 




(wh^ein m, and are as hereinbefore defmed) with a compound of formula VI: 

15 

R'^L' (YO 
(wherein R^ and are as hernnbefbre defined); is a displaceable moiety for example a 
halogeno or sulphonyloxy group such as a bromo or methanesulphonyloxy group. 
Conveniently is a group 0-*P(Y)3 (wherein Y is butyl or phenyl) and in such cases Ae 

20 compound offonnula VI is conveniently formed f/i5i/zf. The reaction is preferably effected in 
the presence of a base (as defined hereinbefore in process (a)) and advantageously in tiie 
presence of an inert solvent or diluent (as defined hereinbefore in piDcess (a)X advantageously 
at a traiperature in the range, for example 10 to 150^C. conveniently at about SO^C. 

(c) Compounds of the formula I and salts hereof may be prepared by the reaction of a 

25 compound of the formula Vn: 



30 
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with a compound of the formula vm: 



(vm) 



(wherein L\ R\ m and are all as herdnbefore defined). The reacdon may convenimtly 
be effected in the presence of a base (as defined hereinbefore in process (a)) and 
advantageously in fhe presence of an inert solvent or diluent (as defined hminbefore in 
piooess (a)X advantageously at a temperature in fhe range, for «ample 10 to 1 SO^C, 
10 conveniently at about lOOX. 

(d) Compounds of the formula I and salts thereof may be prepared by the deprotection of a 
compound of the formula IX: 



wherein R\ m and X^ are alt as hereinbefore defined, and R^ represCTts a protected R^ group 
wherein R^ is as defined hereinb^ore but additionally bears one or more protecting groups P^. 
The choice of protectmg group is within Ae standard knowledge of an aigani c chemist, for 
example those included in standard texts such as "Protective Groups in Organic Syndesis" 

25 T.W. Greene and KGAlWuts, 2nd Ed. Wiley 1991. Preferably P^ is a protecting gnmp such 
as a carbamate (alkoxycarbonyl) (such as^ for example, /^-butoxycarbonyl, tert- 
amyloxycaibonyl, cyclobutoxycaibonyl, piopoxycaibonyl, mdhoxycaibonyl, 
edioxycaibonyl, isopropoxycarbonyl, allyloxycaibonyl or benzyloxycaibonyl). More 
preferably is re/t-butoxycarbonyl. The reaction is preferably effected in the presence of an 

30 acid. Such an acid is, for example, an inorganic acid such as hydrogen chloride, hydrogen 
bromide or an organic add such as trifluoroacedc acid, trifluoromethane sulfrfionic add. The 
reaction may be effected in the presence of an inert solvent such as methylene diloride, 



15 




(DC) 



20 
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trichloiomethane and in Ifae presence of a trace of water. The reaction is conveniently 
effected at a temperature in the range^ for example, 10-lOOX, preferably in the range 20- 
80X. 

Synthesis of Intermediates 
S (i) The compounds of formula in and salts thereof in which is halogeno may for 

example be i»repared by halogenating a compound of tiie fonnuia X: 



10 




(X) 

IS (i^ocin and arc as hereinbefore defined). 

Convenient halo^ating agents mclude inorganic add halides, for example tiitcmyl 
chloride, phosphonis(in)chloride, phosphorus(V)oxychloride and phosphoni$(V)dik>ride. The 
halogenation reaction is conveniently effected in the presence of an inert solvent or diluent 
such as for example a halogenated solvent such as methylene chloride, tridilon>methane or 
20 caibon tetrachloride, or an aromatic hydrocaibon solvent such as benzene or toluene. The 
reaction is conveniently effected at a tempmture in the range, for example 10 to ISO^C, 
preferably in the range 40 to lOOX. 

The compounds of formula X and salts thereof may for example be prepared by 
reacting a oonqxnmd of the formula XI: 

25 




30 



(XI) 
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(wherein is as hereinbeibre defined) ynik a compound of the formula vm as hereinbefore 
defmed. The reaction may conveniently be effected in the presence of a base (as defmed 
hereinbefore in process (a)) and advantageously in the presence of an inert solvent or diluent 
(as defined hereinbdbre in process (a)), advantageously at a temperature in die lang^ for 
5 example 10 to ISO°C, oonvenimdy at about lOO^'C. 

Hie compounds of formula X and salts theteof may also be prq)ared by cyclising a 
compound of the formula XII: 



IS (wherein and X\ are as hereinbefore defined, and A' is an hydroxy, alkoxy (preferably C|. 
4all«)xy) or amino group) whereby to form a compound of formula X or salt diereof The 
cydisation may be effected by reacting a compound of the fcmnula Xn, v/hsn AMs an 
hydroxy or alkoxy group, with formamide or an equivalent thereof effective to cause 
cydisation whereby a compound of formula X or sah thereof is obtained, such as [3- 

20 (dim^ylammo)-2-azaprop-2'^yIidene]dimethyianimonium chloride. The cyclisati(Hi is 
convenioitly effected in the presrace of formamide as solvent or in the presmce of an in^ 
solvent <^ diluent such as an elher for example 1,4-diQxan. The cydisation is ocmvenieotly 
effected at an elevated temperature^ preferably in the range 80 to 200X. The compounds of 
formula X may also be prepared by cyclising a compound of the fcHmula XII, yvhm A' is an 

25 amino group, with formic add or an equivalent thereof effective to cause cydisation wberd>y a 
compound of formula X or sah th^:eof is obtained. Equivalents of formic add dFecdve to 
cause cydisation include for example a tri-Ci.4alkoxymethane, for example triethoxymethane 
and trimethoxymethane. The cydisation is conveniently effected in the presence of a catalytic 
amount of an anhydrous acid, such as a sulphonic acid for example p-toluenesulphonic add, 

30 and in the presence of an inert solvent or diluent sudi as for example a halQgenated solvent 
such as methylene chloride, tridiioromelhane or caibon tetrachloride, an ether sudi as diethyl 
ether or tetrahydrofuran, or an aromatic hydrocarbon solvent such as tolu^e. The cydisation 
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is conveniently effected at a temperature in the range, for example 10 to 100°C, preferably in 
tbc range 20 to SOX. 

Compounds of formula XII and salts thereof may for example be prepared by the 
reduction of the nitio group in a compound of the formula Xni: 
5 , O 

I _ 

o 

10 (xni) 

(wherein R^X' and A' are as hereinbefore defined) to yield a compound of formula xn as 
hereinbefore defmed. The reduction of the nitro group may convoiiently be effected by any of 
the procedures known for such a transformation. The reduction may be carried out, for 

IS example, by tfie hydrogenaticMi of a solution of the nitro compound in the presmce of an inot 
solvent or diluent as defined h«x»nbefOTe in tiie presence of a metal effective to catalyse 
hydrogenation reactions such as palladium or platinum. A finther reducing agent is, for 
example, an activated metal such as activated iron (produced for example by washing iron 
powder with a dilute sohition of an acid such as hydrochloric acid). Thus, for example, the 

20 reduction may be effected by heating the nitro compound and tiie activated metal in the 
presence of a solvent or diluent such as a nuxture of water and alcohol, for example meftanol 
or ethanol, to a temperature m the range, for example 50 to ISO^C, convenintly at about 70^C. 

Ccmipounds of the formula Xm and salts hereof may for example be iH'q>ared by Ike 
reaction of a compound of the fonnula XIV: 

2S 



(XIV) 
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(wherein and are as hereinbefore defined) with a compound of the formula VIII as 
hereinbefore defined to give a compound of the fonnual Xni. The reaction of the compounds 
of formulae XIV and Vm is conveniently effected und^ conditions as desoibed for process 
S (c) hcareinbefore. 

Compounds of formula Xm and salts diereof, may for example also be prq^ared by Ihe 
reaction of a oconpound of die formula XV: 



10 




(XV) 



IS (\^erein X' and are as hereinbefore defined) with a compound of the formula VI as 
hereinbefore defined to yield a compound of formula xm as hmdnbefore defmed. The 
reaction of the compounds of fonnulae XV and VI is conveniently effected under conditions as 
described for process (b) herebbefore. 

The compounds of formula m and salts th^ieof may also be prepared for example by 

20 reacting a compoimdofthe formula XVI: 




25 

(XVD 

(wherein X' is as hereinbefore defmed and repres^its a displaceabie protecting moiety) with 
a compound of the formula VI as hereinbefore defined, whereby to obtain a compound of 
30 formula III in which is represented by L^. 

A compound of formula XVI is oonveniendy used in vAdch represents a phenoxy 
group which may if desired carry up to S substituents, preferably up to 2 substituents, selected 
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fioin halogeao^ nitro and cyano. The reaction may be conv^mdy effected under conditions 
as described for process (b) hereinbefore. 

The compounds of formula XVI and salts tfa^eof as hereinbefore defined may for 
example be prepared by depiotecting a compound of the formula XVII: 



5 




(xvn) 

10 

(wherdji and are as hereinbefore defined and represents a phenolic hydroxy protecting 
group). The choice of phenolic hydroxy protecting group is within the standard knowledge 
of an oiganic ciionist^ for enmple those included in standard texts such as "Protective Groups 
hi Oiganic Synthesis" T.W. Greene and R.G.M.Wut5, 2nd Ed. Wiley 1991, including ethei^ 

1 5 (for example, methyl, medioxymediy 1, ally 1 and benzyl and bmzyl substituted with up to two 
substituents selected fiom Ci^alkoxy and nitro), silyl ethers (for example, t-butyidiphenylsilyl 
and t-butyldimethylsilyl), esters (f<Mr example, acetate and b^izoate) and carbonate (for 
example, methyl and benzyl and betizyl substituted with up to two substituents selected firan 
C,^alkpxy and nitro). Deprotection may be effected by techniques well known in the • 

20 literature, for example where P* represents a benzyl group dq)rotectiQn may be effected by 
hydrogenolysis or by treatment with trifluoroacedc acid. 

The removal of such a phenolic hydroxy protecting group may be effected by any of the 
procedures known for such a transfonnation, including those reaction conditions indicated in 
standard texts such as that indicated h^^before, or by a related procedure. The reaction 

25 conditions preferably being such that the hydroxy derivative is produced without unwanted 

- reactions at other sites within the starting or product compounds. For example, v/here the 
protecting group P^ is acetate, the transformation may conveniently be ^ected by treatment of 
the quinazoline derivative with a base as defined hereinbefore and including ammonia, and its 
mono and di-alkylated derivatives^ preferably in the presence of a protic solvent or co-solvent 

30 such as wato* or an alcohol^ for example methanol or ethanol Sudi a reaction can be effected 
in the presence of an additional inert solvent cmt diluent as defined hereinbdbre and at a 
tempaature in the range 0 to SO^C, conveniently at about 20°C. 
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One compound of formula ni may if desired be convoted into another compound of 
formula in in which Ihe moiety is different. Thus for e?cample a craipound of formula in 
in which is other than halogeno, for example optionally substituted phenoxy, may be 
converted to a compound of formula m in which is halogeno by hydrolysis of a compound 
S of formula in (in which is other tiian halogeno) to yield a compound of formula X as 
hereinbefore defined, followed by introduction of halide to the compound of formula X, thus 
obtained as hereinbefore defined, to yield a compound of formula HI in whidi represents 
halogeno. 

(ii) Compounds of the formula V as herdnbefore defuied and salts thereof may be made by 
10 ifeprotecting the compound of formula XVni: 



(wherein f\ and m are as hcranbefore defined) by a process for example as described in 
20 (i) above. 

Compounds of the formula XVEI and salts thereof may be made by reacting 
compounds of the formulae XVn and IV as hereinbefore defu^ undca: the conditions 
described in (a) hminbefore, to give a compound of the formula XVDI or sah hereof 

0ii) CcHnpounds of the formula VE and salts thereof as herembefore defined may be 
25 made by reacting a ccmipoundof the formula XIX: 



15 




(XVIII) 




30 



(XK) 
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(whereinL^ is as herdnbefore defined, and in Ac 4- and 7- positions may be fhe same or 
difFerent) with a ccmipoiind of fonnual IV as hminbefore defmed> tiie reaction for example 
being effected by a process as desoibed in (a) above. 

(iv) A compound of the formula IX may be prq)ared by the reaction of a compound of 
5 the formula V as defmed hereinbefore vnAi a compound of the formula XX: 

R'-L' (XX) 

wh^ein and are as defined hereinbefore under the conditions described in (b) 
10 hereinbefore to ^e a compound ofthe formula IX or salt thotof The leaction is pieferably 
effected in the presence of a base (as defmed hereinbefore in process (a)) and advantageously 
in the presence of an inert solvent or diluent (as defined hereinbefore in process (a)), 
advantageously at a temperature in the range^ for example 10 to 1S0*='Q conveniently in the 
range 20-50^C. 

15 When a pharmaceutically acceptable salt of a compound of tiie formula I is required, it 

mey be obtained, for example, by reaction of said compound mtfa, for example, an add using a 
conventional procedure, the add having a pharmaceutically acceptable anion, or it may be 
obtained by reactira of said compound witii a base by a conventional procedure. 

The identification of compounds which potently inhibit the tyrosine kinase activity 

20 assodated with the VEGF receptors such as Fit and/or KDR and which inhibit angiogenesis 
and/or increased vascular permeability is desirable and is the subject of the pres^ invoition. 
These properties may be assessed, for example, using one or more of the procedures set out 
below: 

25 fa) In Vitro Receptor Tvrosme Kinase Inh ibition Test 

This assay determines tiie ability of a test compound to inhibit tyrosine kinase activity. 
DNA encoding VEGF or ^idennal growth factor (EGF) receptor cytoplasmic domains may be 
obtained by total gene synthesis (Edwards M, International Biotechnology Lab 5(3), 19-25, 
1987) or by cloning. These may then be expressed in a suitable expression system to obtain 

30 polypeptide with tyrosine kinase activity. For example VEGF and EGF receptor cytoplasmic 
domains, which were obtained by expression of recombinant protein in insect cdls, were found 
to display intrinsic tyrosine kinase activity. In the case of the VEGF receptor Fit (Genbank 
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acx^essicm number X51602), a 1.7kb DNA ftagmoit encoding most of Ae (^plaanic domain, 
commencing tvilh metfaiooine 783 and including the termination oodon, described by Shibuya 
et al (Oncogene, 1990, 5: 519-524), was isolEtcd from cDNA 8iid cloned into a baculovinis 
transplacement vector (for example pAcYMl (see The Baculovinis Expression System: A 
5 Laboratory Guide, LA. King and R. D. Possee, Ch^mian and Hall, 1992) or pAc360 or 
pBIueBacHis (available from Invitnogien Corporation)). This recombinant construct was co- 
transfected into insect cells (for example Spodoptera frugipmla 21(SC21)) with viral DNA {eg 
Pharmingen BacuIoGoId) to prepare recombinant baculovinis. (Details of the methods for the 
assembly of recombinant DNA molecules and the preparation and use of recombinant 

10 baculovinis can be found in standard t^cts for example Sambiook et a], 1989, Molecular 
cloning - A Laboratory Manual, 2nd edition. Cold Spring Harbour Laboratory Press and 
O'Reilly et al, 1992, Baculovirus Expression Vectors - A Laboratory Manual, W. H, Freeman 
and Co, New York). For other tyrosine kinases for use in assays, cytoplasmic fragments 
starting from methionine 806 (KDR, Genbank accession number L04947) and methionine 668 

IS (EOF receptor, Genbank accession number X00S88) may be cloned and e^qnressed in a similar 
manner. 

For exfrnssion of cFlt tyrosine kinase activity, SQl cells were infected widi plaque- 
pure (fit recombinant virus at a multiplicity of infection of 3 and harvested 48 houis later. 
Harvested cells wm washed with ice cold phosphate buffered saline solution (PBS) (lOmM 

20 sodhim phosphate pH7.4, 138mM sodium chloride, 2.7mM potasshim chloride) thai 

resuspended in ice cold HNTG/PMSF (20mM Hepes pH7.5, ISOmM sodium chloride, 10% vA^ 
glycerol, 1% v/v TritM XlOO, 1.5mM magnesium chloride, ImM ethylene glycol- 
bis(paminoethyl ether) KKN\N^tetTaacetic acid (EGTA), ImM PMSF 
(phenyhnethylsulphonyl fluoride); the PMSF is added just before use fiom a freshlyi[)rqiared 

25 lOOmM solution in methanol) using 1ml HNTG/PMSF per 10 million cells. The suspension 
was cotrifiigedfbr 10 mmutes at 13,000 rpm at 4X, tiie supernatant (mzyme stock) was 
removed and stored in aliquots at -70°C. Each new batch of stock enzyme was titrated in the 
assay by dilution with enzyme dilurat (lOOmM Hepes pH 7.4, 0.2mM sodium orthovanadate, 
0.1% v/v Triton XlOO, 0.^nM dithiothreitol). For a typical batch, stock razyme is diluted 1 in 

30 2000 with enzyme diluent and SO^l of dilute enzyme is used for eadi assay well. 
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A stock of substrate solutiOD was prepared fiom a raodcmi copolymer containing 
tyrosine, for example Poly (Glu, Ala, Tyr) 6:3: 1 (Sigma P3899X stcnned as 1 mg/ml stodc in 
PBS at -20°C and diluted 1 in 500 with PBS for plate coating. 

On the day before the assay 100)xl of diluted substrate solution was dispensed into all 
S wells of assay plates (Nunc maxisorp 96-well immunoplates) which were sealed and left 
overnight at 4X. 

On the day of the assay the substrate solution was discarded and the assay plate wdls 
w^e washed once with PBST (PBS containing 0.05% v/v Twecai 20) and once with 50mM 
Hepes pH7.4« 

10 Test compounds were diluted with 10% dimethylsulphoxide (DMSO) and 2S|il of 

diluted compound was transferred to wells in the washed assay plates. "Total" control wells 
contained 10% DMSO instead of compound Twenty five microlitres of 40mM 
manganese(II)diloride containing 8|jM adraosine-5'-tripho5phate (ATP) was added to all t^ 
wells excqrt "blank" control wells which contained manganese(n)chioride without ATP. To 

15 start the reactions SO|ji of freshly diluted enzyme was added to eadi well and the plates w^e 
incubated at room tmiperature for 20 minutes. The liquid was then discarded and the wells 
were wadied twice witii FBST. One hundred microlitres of mouse IgO anti-phosphotyrosine 
antibody (Upstate Biotechnolo^ Inc. product 05-321), diluted 1 in 6000 witii PBST containing 
0.5% wAr bovme serum albumin (BSA), was added to each well and tiie plates were incubated 

20 for 1 hour at room temperature before discarding the liquid and washing the wells twice with 
PBST. One hundred microlitres of horse radish peroxidase (HRP)-linked sheep anti-mouse Ig 
antibody (Amersham product NXA 93 1), dihited 1 in 500 with PBST containing 0.5% w/v 
BSA, was added and the plates were incubated for 1 hour at room temperature before 
discarding &e liquid and waging the wells twice with PBST. One hundred miGnolitres of 2;2'- 

25 a2Uio-bis(3-ethyn)enzfhiazoliiie^6H5uli^ acid) (ABTS) soluticm, fieshly prq>ared usfaig one 
5Qmg ABTS tablet (Boefaiinger 1204 521) in 50ml freshly prepared 5(te)M phosi^ate-dtrate 
buffer pHS.O + 0.03% sodium perborate (made with 1 phosphate citrate bufifo- witii sodium 
perborate (PCSB) cq>sule (Sigma P4922) per 100ml distilled water), was added to each well. 
Plates w^e then incubated for 20-60 minutes at room temperature until the optical density 

30 value of the "total" control wells, measured at 405iun using a plate reading spectrophotometer, 
was approximately 1.0. "Blank" (no ATP) and "total" (no compound) control values were used 
to det^mine the dilution range of test compound which gave 50% inhibtion of enzyme activity. 
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(b\ lit Vitro HUVEC Proliferation Assay 

Iliis assay determines the ability of a test compound to inhibit the growth factor- 
stimulated proliferation of human umbilical vein endothelial cells (HUVEC). 

HUVEC cells were isolated in MCDB 131 (Gibco BRL) 7.5% v/v foetal calf seium 
5 (PCS) and were plated out (at passage 2 to 8), inMCDB 131 +2% v/v FCS + S^g/ml heparin 
+ l^g/ml hydrocortisone, at a concentration of 1000 cells/well in 96 well plates. After a 
minimum of 4 hours they were dosed with the appix^riate growth factor YEGF 3ng/ml, 
EGF Sng/ml or b-FGBF 0.3ng^) and compound. The cultures wm then incubated for 4 d^ys 
at ST'C with 7,5% caibon dioxide. On day 4 the cultures wm pulsed whh l(iCi/well of 
10 lTitiated^yniidine(Amerdumi product TRA 61) and incubate The cells were 

harvested using a 96-well plate harvester (Tomtek) and Hhen assayed for incorporation of 
tritium with a Beta plate counter. Incorporation of radioactivity into cells, expressed as cpm, 
was used to measure inhibition of growth factor-stimulated cell proliferation by compounds. 
(c) In Vivo Solid Tumour Disease Model 
15 This test meases the capacity of compounds to inhibit solid tumour growth. 

CaLu-6 tumour xenc^afis were established in the flank of female athymic Swiss 
nu/nu micc^ by subcutaneous injection of 1x10^ CaLu-^ cellsAnouse in 100^1 of a 50% (vAr) 
sohitionofMatrigel in senmi free culture medium. Tm days after cdhilar implant, mice 
were allocated to groups of 8-10, so as to adiieve comparable group mean vohmes. 
20 Tumours were measured using verai^ caliper and vohmes were calculated as: (1 x w) x V(l 
X w) X (7i/6) , where 1 is the longest diameter and w the diameter perpendicular to the longest 
diameter. Test compounds were administered orally once ddly for a minifn ^im of 21 days, 
and control animals received compound diluent Tumours were measured twice weekly. The 
level of growth inhibition was calculated by comparison of the mean tumour volume of the 
25 control group vffinis the treatment group, arid statistical signifies 

Studerits' tHestand/wal^^um-WhitneyRankSumTest The inhibhory effect of OHnpound 
treatment was considered significant when p<0.05. 

The toxicological profile of compounds of the present invention may be assessed, for 
example using a rat 14 day study as described herdnafier. 
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(d\ 14 Day Toxicttv Test in Rat 

This test measures the activity of compounds in increasing the zone of hypertrophy in 
the femoral epiphyseal growth plates of the distal femur and proximal tibia, and allows 
assessment of histopathological changes in other tissues. 
5 Angiogenesis is an essmtial event in CTdochondral ossification during long bone 

elongation, and vascular invasion of Ifae growth plate has bem sug^sted to dq>end upon 
VEGF production by hypertrophic diondrocytes. Expansion of the hypertrophic diondiocyte 
zone and inhibition of angiogenesis has been demonstrated following treatmrat with agrats 
which specifically sequester VEGF, such as, for example, (i) a soluble VEOF receptor 

10 diimeric protrin (Flt-{l-3HgG) in mice (Geiber, H-P., Vu, T,R, Ryan, A_M., Kowalski, J., 
Werb, Z. and Ferrara, N. WEGP couples hypertrophic cartilage remodelling, ossification and 
angiogenesis during endochondral bone formation. Nature Med., 5: 623-628, 1999) and (ii) a 
recombinant humanised anti^VEGF monoclonal IgGl antibody in cynomolQgus monkey 
(Ryan, A.M., Epplcr, DB., Hagler, K.E., Bnmer, R.H., Thomfiwd, PJ., Haii, RX., Shopp, 

15 GM and OMdl,C.A,Plwlinical Safety Evaluation of ihuMAbVEGF, an antiangiograic 
humanised monoclonal antibody, Tox. Path., 27: 78-86, 1999). 

An inhibitor of VEGF receptor tyrosme kinase activity should therefore also mhibtt 
vasodar invasicm of cartilage, and increase tiie zone of hypertrophy in the femcvai epiphyseal 
growth plates of the distal femur and proximal tibia in growing animals. 

20 Compounds were initially formulated by suspension in a 1% (vAr) solution of 

polyoxycfliylene (20) soibitan mono-oleate in deionised water, by ball-milling at 4X 
overnight (at least IS hours). Compounds waie re-suspended by agitation hnmediately i^ior 
to dosing. Young Alderley Park rats O^^atar derived, 13S-lS0g in weight, 4 to 8 weeks of 
age, 5-6 per group) v/en dosed once-daily by oral gavage for 14 consecutive days witii 

25 compound (at 0^5 ml/lOOg body weigjht) or v^cle. On day IS anunals were humanely 
terminated using a rising concentration of carbon dioxide, and a post-mortem performed. A 
range of tissues^ whidi included femoro-tibial joints, were collected and processed by 
standard histological techniques to produce paraffin wax sections. Histological sections were 
stained with haem^xylin and eosin and examined by light microscopy for histc^athology. 

30 The femoral epiphyseal growth piate areas of the distal femur and proximal tibia wect 
measured in sections of femur and tibia using morphometric image analysis. The increase in 
the zone of hypertrophy was determined by comparison of the mean epiphyseal growth plate 
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area of tiie controi group versus the trealmeat group, and statistical significanoe determined 
using a one-ttuled Students' t-test. The inhibitory effect of compound treatment was 
considered significant when p<O.OS. 

Although the phaimaoological properties of the compounds of Formula I vary with 
5 structural^ changei, in geneial, activity possessed by compounds of the Fonnula I, may be 
dononstirated at fhe following ocmceotrations or doses in one or more of the above tests (a), 
(b),(c)and(d): 

Test (a)> IC50 in the range, for example, < SpM; 

Test (b)> ICso in the range, for example, 0.001 - SpM; 
10 Test (c)> activity in the range, for example, 0. 1 -1 OOmg/kg; 

Test (d):- activity in the range, for example, 0. 1-l OOmg/kg. 

According to one aspect of the present invention compounds of Formula I, assessed in 
the 14 day toxicity test in rat, have a beneficial toxicological profile over other compounds 
within the sc(^ of InteniationalPalmtApplicaticm Publication No. WO 98/13354. 
15 According to anotfa^ aspect of the present invention compounds of Formula I, 

assessed in tiie 14 day toncity test m rat, have a benefidal toxicological profile ov^ oth^ 
compounds within the scope of btemational Patent Application Publication No, WO 
97/30035. 

Although the pharmacological prop^es of the compounds of Fonnula I vary with 
20 structural change and between species, at doses in the rat, preferably at doses less than or 
equal to 150mg^ more preferably at doses less than or equal to lOOmg/kg, espedaily at 
doses less than or equal to 50mg/kg, compounds of Formula I whidi produce a statistically 
significant moDease in the femoral einphyseal growth plate area of the distal fonur anchor 
proximal tibia, produce no unacceptable histopalhological chaises in aOter tissues in tests (d) 
25 that we have conducted. 

Thus by way of example, the compound 4-{4-bromo-2-fluoioanilino)-6-metho39-7- 
(l-methyIpiperidin-4-ylmethoxy)quinazot]ne, (Example 2), tested according to (a), (b), (c) 
and (d) above gave the following results: 

(a) FIt-ICsoof 1.6}iM 

30 KDR-IC50 of 0.04mm 

ECHFR-ICsoOf O.SmM 

(b) YEGF-IC5oOf0.06fiM 
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EGF.ICsoOfO.17nM 
Basal- IC50 of >3jiM 

(c) 7S% inhibition of tumour growth at SOmg/kg; p<0.001 (Mann-Whitney Rank Sum 
Tert); 

5 (d) 7S%mcreaseinqriphysealgmwthplatehypei1rophy at 100^ 
p<0.001 (one-tailed Students' t-test). 

According to a further aspect of tiie invention there is provided a phannaceutica] 
composition which comprises a compound of the formula I as defined hereinbefore or a 
pharmac^ically acceptable salt thereof, in association with a phannaceutically acceptable 

10 exdpient or carrier 

The composition may be in a form suitable for oral administration, (for example as 
tablets, lozenges, hard €»- soft capsules, aqueous or oily suspensions, emulsions, dispersible 
powdm or granules, syiups or elixirsX for administration by inhaladon (for example as a 
finely (Uvided powder or a liquid aerosol), for admimstration by insufflation (for example as a 

IS findy divided powder), for parentend injection (for example as a sterile solution, suspension or 
emulsion for intravmous, subcutaneous, intramuscular, mlravascular or infusion doung), for 
topical administration (for example as creams, ointments, gels, or aqueous or oily solutions or 
suspensions), or for rectal administration (for example as a suppository). In general the above 
compositions may be prepared in a conventional manner using conventional excipients. 

20 The compositions of the present invention are advantageously presented in unit dosage 

fonn. The compound will normally be administered to a warm-blooded animal at a unit dose 
^thin the range 5-SOOQmg per square metre body area of the ammal, i.e. appronmatdy 
0.1-lOOmgAcg. A unit dose in tihe rang^ fi^ example, I-IOOmg/kg, preferably l-5Qmg/kg is 
envisaged and this normally provides a thtt^>eutically-effective dose. A unit dose form sudi 

25 as a tablet or capsule will usually contain, for example l-2SQmg of active ingredient 

According to a furdier aspect of the present invention there is provided a compound of 
the formula I or a phannaceutically acceptable salt th^eof as defined hereinbefore for use in a 
method of treatment of the human or animal body by therapy. 

We have found that compounds of the present invention inhibit VEGF receptor tyrosine 

30 kinase activity and are th^efore of interest for their antiangiogenic dfects and/or their ability 
to cause a reduction in vascular permeability. 
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A further feature of the present invention is a compound of formula I, or a 
pharmaceutically acceptable salt them)f, for use as a medicament, conveniently a compound 
of formula I, or a pharmaceutically acceptable salt thereof, for use as a medicament for 
piodudng an antiangiogenic and/or vascular permeability reducing effect in a warm-blooded 
S animal such as a human being. 

Thus according to a fimh^ aspect of the invention tfaoe is provided Ae use of a 
compound of the formula I, or a pharmaceutically aocqrtabie salt thereof in die manufacture of 
a medicament for use in the production of an antian^ogenic and/or vascular permeability 
reducing effect in a warm-blooded animal such as a human being. 
10 According to a further feature of the invention there is provided a method for producing 

an antiangiogmc and/or vascular permeability reducing effect m a warm-blooded animal, such 
as a human being, in need of such treatment which comprises administering to said animal an 
effective amount of a compound of formula I or a pharmaceutically acceptable salt thereof as 
defined heranbcfore* 

IS As stated above the size of the dose required for the tho-qieutic or prophylactic 

treatment of a particular disease state will necessarily be varied dq>mding on the host treated, 
the route of administration and the severity of the illness being treated. Preferably a daily dose 
in the rai^e of l-50mg/I% is employed. However tiie daily dose will necessarily be varied 
depending upon the host treated, the particular route of administration, and the severity of the 

20 illness being treated. Accordingly the optimum dosage may be detommed by the practitioner 
who is treating any particular patient. 

The antiangjogmic and/or vascular pmneBbility redudng treaimoit defined 
hereinbefore may be ^lied as a sole therapy or may involve, in addition to a compound of 
the inventbn,<Hie or more other substances and/or treatments. Such conjoint treatment may 

25 be achieved by way of the simultaneous, sequential or separate administration of the 

individual components of the treatment. In the field of medical oncology it is normal practice 
to use a combination of different forms of treatment to treat ^h patient with cancer. In 
medical oncology the other component(s) of such conjoint treatment in addition to the 
antiangiog^c and/or vascular permeability reducing treatment defined hereinbefore may be: 

30 surgery, radiotiieriqiy or chCTiotherapy. Such chemotherq)y may cov^ five mun categories 
. of tiiersQieutic agent: 
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(i) other antiangiogenic agenta that woik by difTeirent mechanisms fiom those defined 
hereinbefore (for example linomide, inhibitors of integrin av|33 function, angiostadn, 
endostatin, razoxin, thalidomide) and including vascular targeting agents (for example 
combretastatin phosphate and the vascular damaging agents d^ribed in International Patent 

5 Application Publication No. WO 99/02166 the entire disclosure of which document is 
incorporated herein by refeienoe, (for example !N-acetylcoIdiinol-0-phosphate)); 

(ii) cytostatic agents sudi as antioestrpgens (for example tamoxifen,toremifae, 
raloxifene, droloxifme, iodoxyfene), prpgestc^ns (for example m^estrol acetateX 
aiomatase inhibitors (for example anastrozole, letrazole, vorazol^ exemestane), 

10 antiprogestogens, antiandrogens (for example fhitamide, nilutamide, bicahitamide, 
cypioterone acetate), LHRH agonists and antagonists (for example goserelin acetate, 
lupnolide» abarelix), inhibitors of testosterone Sa-*dihydioreductase (for example finasteride), 
anti-^invasion agents (for example metalloprotdnase inhibitors like marimastat and inhibitors 
of urokinase plasminogen activator recqytor function) and mhibitors of growth factor 

15 function, (such growth factoid include for sample platelet derived gr^ 

hepatocyte growdi factor sudi inhibitors indude growth factor antibodies, growth factor 
receptor antibodies, tyrosine kinase inhibitCMS and serinefthreonine kinase inhibitors); 

(iii) biol<^cal response modifim (for example interfenm); 

(iv) antibodies (for example edrecolomab); and 

20 (v) antiproliferative/antineoplastic drugs and combinations thereof, as used in medical 

(mcology, sudi as antimetabolites (for example ahtifolates like methotrexate, 
fiuoropyrimidines like 5-fluorouradi, purine and adenosine analogues, cytosine arabiroside); 
antitumour antibiotics (for example anthracyclines like doxorubidn, daunomydn, epirubidn 
and idanibidn, mitomydn-C, dactinomycin, mithramydn); platinum derivatives (for example 

25 dsplatin, caiboplatin); alkylating ag^ts (for example nitrogen mustard, meiphalan, 

dilorambudl, busulphan, cyckqyhosi^iamide, ifosfiunide, nitrosoureas, tiiiotepa); antimitotic 
agents (for example vinca alkaloids like vincristine and taxoids like taxol, taxotere); enzymes 
(for example asparaginase); thymidylate synthase inhibitors (for example raltitrexed); 
topoisomerase inhibitors (for example epipodophyllotoxins like etoposide and teniposide, 

30 amsacrine, topotecan, irinotecan). 

For example such conjoint treatment may be achieved by way of the simultaneous, 
sequential or separate administration of a compound of formula I as defined hereinbefore 
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such as 4-(4-bromo-2-fluoiX)aniUno)-6-methoxy-7-(l-methylpiperi 

yimethoxy)quiQazoline or a salt thereof especially a hydrochloride salt thereof, and a vascular 
targeting agent described in WO 99/02166 such as N-acetylcolchinol-O-phosphate (Exampe 1 
of WO 99/02166). 

S As stated above the compounds ddined in the present invention are of interest for 

their antian^ogenic and/or vascular penneabiUtyiedu(^ef^^ Such compounds of the 
invention are expected to be useful in a wide range of disease states including cancer, 
diabetes^ psoriasis, iheumatoid arthritis, Kaposi's sarcoma, haemangioma, acute and chronic 
nephnq)athies, atheroma, arterial restenosis, autoimmune diseases, acute inflammation, 

10 excessive scar fonnati<m and adhesions, endometriosis, dysfunctional uterine bleeding and 
ocular diseases with retinal vessel proliferation. In particular such compounds of the 
invention are expected to slow advantageously the growth of primary and recurrent solid 
tumours of, for example^ the colon, breast, prostate, lungs and skin. Mcnre particulariy such 
compounds of the invention are expected to inhibit the giowdi of those {»imaiy and lecuirent 

15 soUdtunK)urswhidi are associated with VE(9^eq)edaliy those tu^ 

significantly dq>endent on VEGF for their growdi and spread, induding for example, certain 
tumours of tiie colon, breast, prostate, lung, vulva and skin. 

In anotha: aspect of the preset invention compouncb of Formula I are expected to 
inhibit the growth of those primary and recurrent solid tumours which are associated with 

20 EGF especially those tumours which are significandy dependent on EOF for their growth and 
spread. 

In another aspect of the present invration ccunpounds <tf Formula I are expected to 
inhibit the growth of those primary and recurrent solid tumoure which are associated with 
bodi VEGF and EGF especially those tumours vdiich are significantly dependent on VEGF 
25 and EGF for thdr growth and spread. 

In additicm to ifaeir use in tiier^qieutic medicine, the compounds of formula I and tiieir 
pfaarmaceutically acceptable salts are also useful as pharmacological tools in the development 
and standardisation of in vitro and in vivo test systems for the evaluation of the effects of 
inhibitors of VEGF receptor tyrosine kinase activity in laboratory animals such as cats, dogs, 
30 rabbits, monkeys, rats and mice, as part of the search for new therap^c agents. 

It is to be understood that where the term "'ether'' is used anywhere in this specification 
it refers to diethyl etiier. 
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Tfae invention will now be illustrated, but not limited, by die following Examples in 
whidi, imless otherwise stated:- 

0) evaporations were carried out by rotary evi^)oration vacuo and worie-up 
procedures were carried out after removal of residual solids sudi as diying agents by filtration; 
5 (ii) operations were carried out at ambioit temperature, that is in the range 1 8-2S^C 

and und^ an atmosphere of an inm gas such as aigon; 

(fix) column chromatography (by the flash procedure) and medium pressure liquid 
chromatography (MPLC) were performed on Merck Kieselgel silica (Art 9385) or Merck 
Lichroprep RF-18 (Art. 9303) reversed-phase silica obtained from E. Merdc, Darmstadt, 
10 Germany; 

(iv) yields are given for illustration only and are not necessarily the maximum 
attainable; 

(v) melting points are uncorrected and were detmnined using a Mettier SP62 
automatic mdting pmnt apparatus, an oil-balh apparatus or a Koffler hot plate a(q>aratus. 

IS (vi) the structures of the end-products of the formula I were ccMifinned by nuclear 

(g»erally proton) magnetic resonance (NMR) and mass spectral techniques; proton magnetic 
resonance diemical shift values were measured on the delta scale and peak multiplicities are 
shown as follows: s, singlet; d, doublet; t, triplet; m, multiplet; br, broad; q, quartet; NMR 
spectra were run on a 400MEiz machine at 24°C. 

20 (vii) intermediates were not gmerally iiilly diaracterised and purity was assessed by 

thin layer chromatography (TLC), high-performance liquid chromatography (HPLC), infra-red 
(IR) or NMR analysis; 

(viii) the following abbreviations have been used:- 

25 DMF H>H-dimelhylf(mnamide 

DMSO dimediylsulphoxide 
THF tetrahydrofuran 
TFA trifluoroacetic acid 
NMP l-methyl-2-pyrrolidinoneJ 
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Examplc 1 

TFA (3m!) was added to a suspension of 4-(4-bromo-'2-fluoroaiiilino)-7-(l-{terr- 
butoxycarbonyI)piperidin-4-ylmethoxy)-6-methoxyquinaM^ (673mg, 1.2mmol) in 
methylene chloride (10ml). After stirring for 1 hour at ambient tempmtture, the volatiles 
S were removed under vacuum. The residue was triturated with a mature of wator/eth^. Hie 
organic layer was separated. The aqueous lay^ was washed again widieflier. The aqueous 
lay^ was adjusted to pHlO with 2N aqueous sodium hydroxide. The aqueous layer was 
extracted with methylene chloride. The organic layer was dried (MgS04) and the solvent was 
removed under vacuum. The solid was triturated with a mixture ether/p^leum (1/1), 
10 filtered, washed with ether and dried under vacuum to give 4-{4-bromo-2-fluoroaiiiIino)^ 
methoxy-7-(piperidin-4-ylmethoxy)quinazoline (390mg, 70.5%). 
MS.ESI:46M63[MH]* 

*HNMR SpccHum: (DMSOd^s) 1.13-L3 (m, 2H), 1.75 (d, 2H), 1.87-^2.0 (m, 11^, 2.5 (d, 2H), 
3.0 (d, 2H), 3.96 (s, 3H), 3.98 (d, 2H), 7.2 (s. IH), 7.5 (dd, IH), 7.55 (t, IH), 7.68 (dd, IHX 
15 7.80(s, IH), 8.36 (s,lH), 9.55 (brs,lH) 

Elemental analysis: Found C 54.5 H 4.9 N 12.1 

C21H22N4O2B1F Requires C 54.7 H 4.8 N 12.1% 

The starting material was prepared as follows: 
20 A solution of 7-benzyloxy-4-chlon>-6-methoxyquinazoline hydrochloride (8.35g, 

27.8mmol), (prepared, for example, as described in WO 97/22596, Example 1), and 4-bromo- 

2-fhion>aniline (S.65g, 29.7mmol) in 2-propanol (20Qml) was heated at reflux {or 4 hours. 

The resulting precipitate was coUected by filtnition, washed with 2-propanol and th» ether 

and dried under vacuum to give 7-benzytexy-4-(4-bnMno-2-£luoioanilino)-6- 
25 methoxyquinaix)linehydrodiloride(9.46g, 78%). 

^HNMR Spectrum: (DMSOd^; CD3COOD) 4.0(s, 3H); 5.37(s, 2H); 7.35-7.5(m, 4H); 7.52- 

7.62(m, 4H); 7.8(d, IH); 8.14(9s, IH); 8.79(s, IH) 

MS -ESI: 456 [MH]* 

Elemental analysis: Found C 54.0 H 37 N 8.7 

30 C22H,7N302BrF 0.9HC1 Requires C 54.2 H 3.7 N 8.6% 

A solution of 7-benzyloxy-4-(4-bromo-2-fh]oroanilino)-6-methoxyquinazDline 
hydrodiloride (9,4fe 19.1mmol) in TFA (9Qml) was heated at reflux for 50 minutes. The 



wo 01/32651 PCT/GBOO/04181 

•31- 

mixture was allowed to cool and was poured on to ice. The resulting precipitate was 
collected by filtration and dissolved in methanol (70ml). The solution was adjusted to pH9- 
10 with concentrated aqueous ammonia solution. The mixture was concentrated to half initial 
volume by evaporation. The resulting precipitate was collected by filtration, washed with 
5 water and then etfa^, and dried under vacuum to give 4-(4-biomo-2-fluoroaniluio)-7- 
hydioxy-6-metfaoxyquinazoIine (5.6^ 82%). 

NMR Spectrum: (DMSOd^; CD3COOD) 3.95(s, 3H); 7.09(s, IH); 7.48(s, IH); 7.54(t, 
IH); 7.64(d, IH); 7,79(s, IH); 8,3 l(s, IH) 
MS -ESI: 366 [MHT 

10 Elmioital analysis: Found C 49.5 H 3.1 N 11.3 

CisHnNjOaBrF Requkes C 49.5 H 3.0 N 11.5% 

While maintaining the temperature in the range O-S^'C, a solution of di-/er/-butyl 
dicarbonate (41. 7g, 0.19mol) in ^yl acetate (75ml) was added in portions to a solution of 
ethyl 4-piperidinecaiboxyIate (30g, O.lMol) in ethyl acetate (ISOml) cooled at 5^C. After 

IS stirring for 48 hours at ambirat temperature, the mixture was poured onto water (300ml). 
The OTganic layer was separated, washed successively with water (200mlX O.IN aqueous 
hydroditoric add (20QmlX saturated sodium hydrogen carbonate (200ml) and brine (200mlX 
dried (MgSOJ and evc^rated to give ethyl 4-(l-(fer/-butoxycaibonyl)piperidine)carboxylate 
(48g, 98%). 

20 *H NMR Spectrum: (CDCI3) L25(t, 3H); 1.45(s, 9H); 1.55-lJ0(m. 2H); 1.8-2.0(d, 2H); 

Z35-2.5(m, IH); 2.7-2.95(t, 2H); 3.9-4.1(br s, 2H); 4.15 (q, 2H) 

A solution of IM lithium aluminium hydride in THF (133ml, 0. 133mol) was added m 

portiOTS to a solution of ethyl 4-(l-(/e/f-butoxyGarbonyl)piperidine)carboxylate (48g, 

0. 19mol) in dry THF (180ml) cooled at OX. After stirring at 0°C for 2 hours, water (30ml) 
25 was added followed by 2N sodium hydro3dde (10ml). Thepredpitatewas .rmx>vedby 

filtration through diatomaceous earth and washed wftii ethyl ace Tlie filtrate was washed 

with water, brine^ dried (MgSOJ and evaporated to gjve l-(/err-butoxycarbonyl)-4-' 

hydroxymethylpiperidine (36.3g» 89%). 

MS(EI):215[M.]+ 

30 'H NMR Spectrum: (CDCI3) 1.05.1.2(m, 2H); 1.35-1.55(m, lOH); 1.6-1.8(m, 2H); Z6-2.8(t, 
2H); 3.4-3.6(t. 2H); 4.a4^(br s, 2H) 
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l,4-Diazabicyclo[2.2.2]octane (42.4g, 0.378mol) was added to a solution of Hrer/- 
biitoxycait>onyl)-4-hydn>xymediylpip^diiie (52.5g, 0.244inol) in tertAyutyi methyl eflier 
(525ihl). After stirring for 15 minutes at ambient temperature, the mixture was cooled to 5X 
and a solution of toluene sulphonyl diloride (62.8g, 0.33mmol) in re/t-butyl methyl ether 
5 (525ml) was added in portions over 2 hours while maintaining the tmperature at O^'C. After 
stirring for 1 hour at ambient tmperalure, petroleum eth^ (11) was added The precipitate 
was removed by fUtration. The filtrate was evq)orated to give a solid. Thesolidwas 
dissolved in ether and washed successively with 0.5N aqueous hydrochloric acid (2xS00m!X 
water, saturated sodium hydrogen caxbonate and brine, dried (MgS04) and evaporated to give 
10 l-</«/t-butoxyca!faonyl)^4^ediylphenylsulphonyloxymethyl)pip^ (76.7g, 85%). 
MS (ESI): 392 [MNar 

'HNMR Spectrum: (CDCI3) L0-L2(m, 2H); h45(s, 9H); 1.65(d, 2H); 1.75.1.9(m, 2H), 
2.45(s, 3H); 2,55-2.75(m, 2H); 3.85(d, IH); 4.0^.2(br s, 2H); 7.35(d, 2H); 7.8(d, 2H) 

Potassium carbonate (414mg, 3mmol) was added to a suspensicm of 4-(4-bromo-2- 

15 £luoroaniiino)-7-hydroxy-6-medi03^quinazoline(S46mg, 1.5mmol)m After 
stining for 10 minutes at ambient temperature, l-(/err-but03^caibonyl)-4-(4- 
mettiylphenylsulphanyloxymediyl)piperidine (636mg, 1.72mmol) was added and the mbclure 
was heated at 9SX for 2 hours. After cooling, flie mixture was poured onto cooled water 
(2Qmi). The precipitate was collected by filtration, washed with water, and dried under 

20 vacuum to give 4-(4--bFomo-2*fluon>anilino)-7-(}-(/er/-butoxycarbonyl)pip^din-4- 
ybnethoxy)-6-methoxyquina2oline (66Smg, 79%)« 
MS -ESI: 561-563 [MH]^ 

'HNMR Spectium: (DMSOd^ M5-1.3 (m, 2H), 146 (s, 9H), 1.8 (d, 2HX 2.0^2.1 (m, IH), 
2.65-2.9 (m, 2H), 3.95 (s, 3H). 4.02 (br s, 2H). 4.05 (d, 2H), 72 (s, IH), 7.48 (d, IH), 7.55 (t. 
25 IH), 7.65 (d, IH), 7.8 (s, IH), 8.35 (s, IH), 9.55 (br s, IH) 

Example 2a 

A solution of 37% aqueous fonnalddiyde (50^1, 0.6mmol) foltowed by sodium 
cyanoborohydride (23mg, 0.36mmol) were added to a solution of 4-(4-bromo-2- 
30 £luoroanilino)-6-methoxy-7-(pip€ridin-4-ylmethoxy)quinazoline (139mg, 0.3mmol), 

(prepared as described in Example 1), in a mixture of THF/methanol (L4ml/1.4ml). After 
stirring for 1 hour at ambient traiperature, water was added and the volatiles were r^oved 
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under vacuum. The inesidue was triturated with water, fihocd, washed with water, and dried 
under vacuum. The solid was purified by chromatography on nmitral alumina ehiting with 
methylene chloride followed by metfiylene chloride/ethyl acetate (1/1) followed by methylene 
chloride/ethyl acetate/metfaanol (S0/45/S). The fractions contaming the e^qpected prodi^ 
S were evaporated under vacuum. The resultnig white solid was dissolved in methylene 
chloride/medianol (3ml/3ml) and 3N hydrogen chloride in ether (O.Sml) was added. The 
volatiles were removed under vacuum. The solid was triturated with eth^, filtered, washed 
with ether and dried under vacuum to give 4-^4-bromo-24uoroiiiiilino)-6-metii<izy«7-(l- 
methyl|iiperidiiHl-yiiiiethoxy)4iuiiazolmehydroc^ 69%). 
10 MS -ESI: 475-477 [MH]* 

The NMR spectrum of the protonated form of 4-(4-bromo-2-fluoioanilino)-6- 
methQxy-7-(l-mcdiylpiperidm-4-ylmethoxy)quinaz3oline hydrochloride shows the presence of 
2 forms A and B in a ratio A:B of approximately 9:1. 

'H NMR Spectrum: (DMSOd^; CFgCOOD) 1.55-1.7 (m, foim A 2H) ; 1.85-2.0 (m, foim B 
15 4H) ; 2.03 (d, form A 2H) ; 2.08-2.14 (br s, fimn A IH) ; 2.31-2,38 (br s, fonn B IH) ; 2.79 
(s, form A 3H) ;2.82(s, form B3H); 3.03 (t, form A2H); 3.21 (br s, form B 2H) ; 3.30 (br 
5, form B 21© ; 3.52 (d, form A 2H) ; 4,02 (s, 3H5 ; 4. 12 (d, fonn A 2H) ; 4.30 (d, form B 
2H) ; 7.41 (s, IH) ; 7.5-7.65 (m, 2H) ; 7.81 (d, IH) ; 8.20 (s, IH) ; 8.88 (s, IH) 
Elemental analysis: Found C 46.0 H 5^ N 9.6 

20 C22H24N4O2BrF0.3H2OZ65HGl Requires C 45.8 H 4.8 N 9.7% 

Example 2b 

37% Aqueous formalddiyde (3.5ml, 42mmol) was added to a solution of 4-(4-bn>mo- 
2-£luoioanilino>7<l-(lie/f-butoxycarbonyl)piperidm-4-ylmet^^ 
25 (3.49g, 6.22mmolX (prepared as described for die staridng material in Kcample IX in formic 
add (3Sml). After heatmg at 95''C for 4 hours the volatiles wm removed under vacuum. 
The residue was suq)ended in wat^ and ihe mixture was adjusted to pHlO.5 by slow addition 
of a solution of 2N sodium hydroxide. The suspension was extracted with ediyl acetate. The 
organic layer was washed with brine, dried MgS04 and evaporated to give 4-(4-bromo-2- 

30 fluoroaiiillao)-6-methoxy-7-(l-methylpiperidin-4-ylmethoxy)qui]iazoline (2.61g, 88%). 
MS -ESI: 475-477 [MHl" 
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^HNMR Spectrum: (DMSO<U 1.3-1,45 (m, 2H), 1.8 (d, 2H). 1.7-1.9 (m, IH), 1.95 (t, 2H), 
2.2 (s, 3H), 2,85 (d, 2H), 3.96 (s, 3H), 4.05 (d, 2H), 7.19 (s, IH), 7.5 (d, IH), 7.55 (t, IH), 
7.67 (d, IH), 7.81 (s, IH), 8,37 (s, IH), 9.54 (s, IH) 
Elemental analysis: Found C 55.4 H 5.1 N 11.6 

5 C22H24N402BrF Requires C 55.6 H 5.1 N 11.8% 

Example 2c 

A suspension of 4-GlilQiT>*^m^iioxy-7-(l-methylpiperidm«4-ylmelhoxy)^^ 
(20(hng» 0.62mmol) and 4-biomo-2-fluoroaniline (142mg, 0.74imnol) in isopropanol (3ml) 

10 containing 6N hydrogen chloride in isopropanol (1 10|il, 0.68ml) was healed at r^ux for 1.5 
hours. After cooling, the precipitate was collected by filtration, washed with isopropanol 
followed by ether and dried under vacuum to give 4-(4-brom<K'2^fluoroaiiilino)-6-niethoxy- 
7-(l-niethylpiperidin-4-ylm^oxy)qii]nazoline hydrochloride (304mg, 90%). 
Elraiental analysis: Found C 47.9 H 4.9 N 10.0 

15 C22H24N4O3BrFO.SH2Ol.8HCl Requires C 48.2 H 5.0 N 10.1% 
0.08 isopropanol 

The NMR spectrum of Ifae protonated form of 4-(44>rQmo-2-fluoroanilino>^ 
mettioxy-7-(l-methylpiperidin-4-ylmethoxy)quixi8zoline hydrochloride shows the presence of 
two forms A and B in a ratio A:B of approximately 9:1 . 

20 NMR Spectrum: (DMSOd^) 1,6-1.78 (m, form A 2H); 1.81-1.93 (br s, form B 4H); 1,94- 
2.07 (d, form A 2H); 2.08-2.23 (br s, form A IH); 2.29-2:37 (br s, foim B IH); 2.73 (d, form 
A 3H); 2,77 (d, form B 3H); 2_93-3.10 (q, form A 2H); 3.21 (br s, form B 2H); 3.27 (br s, 
form B 2H); 3.42-3.48 (d, form A 2H); 4.04 (s, 3H); 4.10 (d, fonn A 2H); 4.29 (d, fonn B 
2H); 7.49 (s, IH) ; 7.53-7.61 (m, 2H); 7.78 (d, IH); 8.47 (s, IH); 8.81 (s, IH); 10.48 (brs, 

25 fonn A IH); 10.79 (br s, form B IH); 1 1,90 (br s, IH) 

For another NMR reading, scmie solid potas»um carbonate was added into Ae DMSO 
solution of the 4-(44>romo-2-fluon}aniliho)-6-metfaoxy-7'<l-methylpiperidin^ 
ylmethoxy)quinazoline hydrochloride described above, in ord^ to release die free base in the 
NMR tube. The NMR spectrum was then recorded again and showed only one form as 

30 described below: 
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'H NMR Spectrum: (DMSOd«; soUd potassium carbonate) 1.3-1.45 (m. 2H) ; 1.75 (d, 2H) ; 
17-l.9(m, IH) ; 1.89 (t, 2H) ; 2.18 (s, 3H) ; 2.8 (d, 2H) ; 3.98 (s, 3H) ; 4,0 (d, 2H) ; 7.2 (s, 
IH) ; 7.48 (d, IH) ; 7.55 (t, IH) ; 7.68 (d, IH) ; 7,8 (s, IH) ; 8.35 (s, IH) ; 9.75 (s, IH) 

A sample of 4-(4-bromo-2-fluoioanilino)-6-methoxy-7-(l-methylpiperidin-4- 
ylmetfaoxy)qumazoline (free base) was generated from the 4-(4-bn>mo-2-fluoroaiiilmo)-6- 
med)oxy-7-(l-meihylpipe[idiii-4-ylm^boxy)qumazo^^ hydrccUoride, (prepared as 
desoibed above), as follows: 

4-(4-Biomo-2-fluoroaniUno>^-methoxy-7-(l-metfaylpiperidm 
yfanetfaoxyquinazoline hydrochkmde (5Qmg) was suspmded in methylene chloride (2ml) and 
was washed with saturated sodium hydrogen carbonate. The methyloie chloride solution was 
dried (MgSOJ and the volatiles were removed by evaporation to give 4-(4-bromo-2- 
fluoroamlino)-6-methoxy-7-(l-methyIpipmdin-4-ylmethoxy)quinazoline (free base). The 
NMR of the free base so generated shows only one form as described below: 
'H NMR Spectrum: (DMSOde) L3-1.45 (m, 21^ ; L76 (d, 2H) ; I,7-1.9(m, IH) ; 1.9 (t, 2H) ; 
2.19 (s, 3H) ; 2.8 (d, 2H) ; 3.95 (s, 3H) ; 4.02 (d, 2H) ; 7.2 (s, IH) ; 7.48 (d, IH) ; 7,55 (t. IH) 
; 7.68 (dd, IH) ; 7.8 (s. IH) ; 8,38 (s, IH) ; 9.55(br s, IH) 

For anotibi^ NMR readmg, some CFaCOOD was added into the NMR DMSO solution 
of tiie 4-(4-bromo-24hioroanilino)-6-me1hoxy-7-(lHnetfay^ipmdm 
yfan^oxy)quinazoline (free base) described above and the NMR spectrum was recorded 
again. The spectrum of the protonated form of the 4-(4-bromo-2-fluoroanilino)-6-methoxy- 
7-(l-mediylpiperidin-4-yhnethoxy)quinazoiine trifliroroacetate salt so obtained shows the 
jHesence of two forms A and B in a ratio AB of approximately 9:1. 
'H NMR Spectrum: (DMSOd^; CF3COOD) 1.5-L7(m,form A2H); 1.93 (brs, form B4H); 
2.0-2. 1 (d, form A 2H); 2.17 (br s, form A IH); 2.35 (br s, form BlH); 2.71 (s, form A 3H); 
2.73 (s, form B 3H); 2.97-3.09 (t, form A 2H); 3.23 (br s, form B 2H); 3.34 (br s. form B 
2H); 3.47-3.57 (d, form A 2H); 4.02 (s, 3H); 4. 1 5 (d, form A 2H); 4.30 (d. form B 2H); 7.2 
(s, IH); 7.3-7.5 (m, 2H); 7.6 (d, IH); 7.9 (s, IH); 8.7 (s, IH) 

The starting material was prepared as follows: 

1 -^fe/t-Butoxycarbony l)^(4-metby Iphenylsulphony }oxymethyl)piperidine (40g, 
0.1 Imol), (prepared as described for the starting material in Example 1), was added to a 
susprasion of ediyl 4-hydroxy-3-methoxybenzoate (19.6g, O.lmol) and potassium carbonate 
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(28g, 0.2mol) in dry DMF (200ml). After stirring at 9S°C for 2.5 hours, the mixture was 
cooled to ambient temperature and partitioiied between water and ethyl acetate/ether. The 
organic layer was washed with water, brine, dried (MgS04) and evaporated. The resulting oil 
was crystallised from petroleum ether and the suspension was stored overnight at S^'C. The 
S solid was collected by filtration, washed with petrol^mi ether and dried under vacuum to give 
ethyl 4-(l-(te7t-butoxycaibonyl)pq)mdin-4-ylmelfaoxy>3-me^ (3Sg» 89%). 

m.p.81-83X 
MS(ESI):416EMNar 

'HNMR Spectrum: (CDCy L2.1.35(m, IS); l,4(t, 3H); 1.48{s, 9H); h8.1.9(d, 2H); 2.0- ^ 
10 2.15(m, 2H); 2.75{t, 2H); 3.9(d, 2H); 3.95(s, 3H)i 4.05-4:J5(br s, 2H); 4.35(<i, 2H); 6.85(d, 
IH); 7.55(s, IH); 7.65(d, IH) 

Elemental analysis: Found C 63.4 H 8,0 N 3,5 

C2,H3,NO5 0.3H2O Requires C 63^ H 8.0 N 3.5% 

Formaldehyde (12M, 37% in water, 35ml, 42Qmmol) was added to a solution of ethyl 

15 4-(l-(/«r/-butoxycaibonyl)inperidin-4-ylmetfaoxy)-3-med]oxybenzoate (35g, 89mmol) in 
formic add (35ml). After stirring at 95^C for 3 hours, the volatiles were removed by 
evaporation. The residue was dissolved in methylene chloride and 3M hydrogen chloride in 
ether (40ml, 120mmol) was added. Aiter dilution with etfa^, the mixture was triturated un^ 
a solid was formed. The solid was collected by filtration, washed with ether and dried under 

20 vacuum overnight at 50X to give ethyl 3-methoxy-4-(l-methylpiperidinr4- 
ylmefhoxy)bOT2oate (30.6g, quant). 
MS (ESI): 308 [MHT 

^HNMR Spectrum: (DMSOd^ l,29(t, 3H); 1.5-1 .7(m, 2H); 1.95(d. 2H); 2.0-2. 15(brs, IH); 
2.72(s, 3H); 2.9-3.1(m, 2H); 3.35-3.5(br s, 2H); 3.85(s. 3H); 3.9-4.05(br s, 2H); 4.3(q, 2H); 

25 7.1(d, IH); 7.48(s, IH); 7.6(d, IH) 

A solution of ethyl 3-methoxy-4-(l-^methylpiperidm-4-ylmethoxy^>«2oate (30.6g, 
89mmol) in methylene chloride (75ml) was cooled to 0-5 **C.. TFA (37.Sml) was added 
followed by the dropwise addition over 15 minutes of a sohition of fuming 24N nitric acid 
(7.42ml, 178nunol) in metiiylene chloride (I5ml). After completion of the addition, the 

30 solution was allowed to warm up and stirred at ambient temperature for 2 hours. The 
volatiles were removed under vacuum and the residue was dissolved in methylene chloride 
(50ml). The solution was cooled to 0-5X and ether was added. Hie precipitate was 
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ooUected by filtration, and dried under vacuum at 50^C. The solid was dissolved in 
methylene chloride (500ml) and 3M hydrogen chloride in ether (30ml) was added followed 
by ether (500ml). The solid was collected by filtration and dried under vacuum at SO'^C to 
give elhyl 3-methoxy-4-(l-methylpiperidin-4-ylmethoxy)-6-nitrobenzoate (28.4g, 82%). 
5 MS (ESI): 353 [MH]" 

'HNMR Spectrum: (DM50d<) 1.3(t, 3H); L45-1.65(m, 2H); L75-2.1(m, 3H); 2.75(s, 3H); 
2.9-3,05(m, 2H); 3.4-3,5(d, 2H); 3.95(s, 3H); 4.05(d, 2H); 4.3(q, 2H); 7.32(s, IH); 7.66(s, 
IH) 

A suspension of ediyl 3-methoxy-4-(l-mediylpiperidin^ylmedioxy)-6-nitrobenzDate 
10 (3.89g, lOnmioO in methanol (80ml) containing 10% platininn cm activated carixin (50% wet) 
(389mg) was hydn>genated at 1.8 atmospheres pr^sure until uptake of hydrogen ceased. The 
mixture was filtered and the filtrate was evaporated. The residue was dissolved in water 
(30ml) and adjusted to pHlO with a saturated solution of sodium hydrogen caibonate. The 
mixture was diluted with ethyl acetaie/ether (1/1) and the organic layer was separated. Hie 
15 aqueous layer was furtho' extiacted with ethyl acetate/ether and the oiganic layers weie 
combined. The oiganic layers were washed with water, brine, dried (MgS04), filtered and 
evaporated. The lesulting solid was triturated in a mixture of edier^ieHoleum ether, filtered, 
washed witii petroleum ether and dried under vacuum at 60''C to give ediyl 6-amino-3- 
methoxy-4-(l-methylpiperidm-4-ylmethoxy)ben2oate (2.58g, 80%). 
20 m.p. in-112^C 
MS (ESI): 323 [MH]^ 

'HNMR Spectrum: (CDCI3) 1.35(t, 3H); 1.4-1.5(m, 2H); 1.85(m, 3H); L95(t, 2H); 2.29(s, 
3H); 2.9(d, 2H); 3.8(s, 3H); 3.85(d, ZH); 4.3(q, 2H); 5.55(br s, 2H); 6,13(s, IH); 7.33(s, IH) 
Elemental analysis: Found C 62.8 H 8,5 N 8.3 

25 C17H26N2O4O.2H2O , Requires C 62.6 H 8.2 N 8.6% 

A sohition of ethyl 6-amsno-3-methoxy-4-<l-meihy^peridin-4-yhnedMyxy)b«izoate 
(16. Ig, 5Qmmol) in 2-methoxyethanol (160ml) containing fonnamidine acetate (S.2g, 
50nunol) was heated at 1 15^C for 2 hours. Formamidine acetate (10.4g, lOOnunol) was 
added in portions every 30 minutes over 4 hours. Heating was prolonged for 30 minutes after 

30 the last addition. After cooling, the volatiles were removed under vacuum. The solid was 
dissolved in ethanol (100ml) and methylene chloride (50ml). The precipitate was removed by 
filtration and the filtrate was concentrated to a final volume of 100ml. The suspension was 
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cooled to S^C and the solid was collected by filtration, washed with cold ethanol followed by 
ether and dried under vacuum overnight at SO^'C to give 6-medioxy-7-(l-methylpiperidin-4- 
yhnethoxy)-3,4-dihydroquina2olin-4-one (12. 7g, 70%). 
MS (ESI): 304 [MH]^ 

5 ^HNMR Spectrum: (DMSOdJ L25.1,4(m, 2H); 1.75(d, 2H); L9(t. IH); 1.9(s, 3H); 2.16(s, 
2H); 2.8(d, 2H); 3.9(s, 3H); 4.0(d, 2H); 7,11(8, IH); 7.44(s, IH); 7.97(s, IH) 

A solution of 6-metfaoxy-7-(l-mefhylpip^din*4-ylmedx)xy)-3,4-dihydn^ 
4-one (2.8g, 9.24mmol) in thionyl dil(Hide (28mi) ccHitaining DMF (280)il) was heated at 
reflux at 8S^C for 1 hour. Afl^ cooling, the volatiles were ranoved by ev^Kiration. The 
10 precipitatewastriturated with ether, fiheied, washed with ediera^^ Tlie 
solid was dissolved in methylene chloride and saturated aqueous sodium hydrogen carbonate 
was added. The organic layer was separated, washed with water, brine, dried (MgSOO and 
evaporated to give 4-cMoro-6-methoxy-7--(l-methylpiperidin-4-ylmethoxy)quinazoline (2.9g, 
98%). 

15 MS (ESI): 322 [MH]^ 

*HNMR Spectrum: (DMSOd^ lJ-1.5(m, 2H); lJ5-1.9(m, 3H); 2.0(t, IH); 2.2S(s, 31^; 
2.85(d. 2H); 4.02(s, 3H); 4.12(d, 2H); X4I(s, IH); 7,46(s, IH); 8.9(s, IH) 

Alternatively, Ae 6-methoxy-7-(l-methylpiperidin-4-yhn^ioxy>3,4- 
20 dihydioquinazolin-4-one can be prepared as follows: 

Sodium hydride (1 .44g of a 60% suspension in mineral oil, 36inmol) was added in 
portions over 20 minutes to a sohition of 7-<benzyloxy-6-methoxy-3,4-dihydroquinazolm-4- 
one (8.46g, Staimol), (prqiared, for example, as described in WO 97^596, Example 1), in 
DMF (7Qml) and the mixture was stirred for 1 .5 hours. Chloromediyi pivalate (5.6Sg, 

25 37. 5mmoI) was added in portions and the mixture stirred for 2 hours at ambient temperature. 
The mixture vm dihited with ethyl acetate (lOQml) and poured onto ice/water (40Qml) and 
2N hydrochloric acid (4ml). The organic layer was sq>arated and the aqueous layer extracted 
with ethyl acetate, the combined extracts were washed with brine, dried 0vIgSO4) and the 
solvent removed by evaporation. The residue was triturated with a mixture of etfa^ and 

30 petroleum ether, the solid was collected by filtration and dried under vacuum to give 7- 
benzyloxy-^-methoxy-3-((pivaloyloxy)methyl)-3,4-dihydn>qmna2X)Un-^ (lOg, 84%). 



wo 01/32651 PCT/GBOO/04181 

-39- 

'HNMR Spectrum: (DMSCky l.ll(s, 9H); 3.89(s, 3H); 5.3(s, 2H); 5.9(s, 2H); 7.27(s, IH); 
7.35(111, IH); 7.47(1, 2H); 7.49(d, 2H); 7.51(s, IH); 8.34(s, IH) 

A mixture of 7-benzyloxy-6-methoxy-3-((pivaloyloxy)methyl)-3,4- 
dihydioquiniizolin-4-oiie (7g, 17 Jmmol) and 10% pdladium-on-charooal catalyst (700mg) in 
S dhyl acetate (2SQmlX DMF (SOml), metlianol (SQml) and acetic acid (OJml) was stirred 
under hydrogen at atmospheric pressure for 40 minutes. The catalyst was ranoved by 
filtnttion and the solvent removed from the filtrate by evaporation. The residue was tritutated 
with ether, collected by filtration and dried under vacuum to give 7-hydroxy-6-medioxy-3- 
((pivaloyioxy)metfayl)-3,4-dihydroquinazDlin-4-one (4.36g, 80%). 

10 ^HNMR Spectrum: (DMSOdJ l.l(s. 9H3; 3.89(s, 31^; 5.89(s, 2H); 7.0(s. IH); 7.48(s, IH); 
8.5(s, IH) 

Triphenylphosi^ne (l.7g» 6.Smmol) was added under mtrogm to a suspension of 7- 
hydn>xy-6-methoxy-3-((pivaloyIoxy)methyl)-3,4^ihydroqdnazDlin-4-^ (l-^3g, Smmol) in 
methylene cMoride (20mIX followed by the addition of l-(/e/-/-butDxycarbonyl)-4- 

15 (hydK>xymethyl)piperidine (L29g, 6mmolX (prepared as described for the starting material in 
Example 1), and by a solution of diethyl azodicaiboxylate (1. 13g, 6.5mmol) in methylene 
diloride (Sml). After stirring for 30 minutes at ambient tmperalur^ die reaction mixture 
was poured onto a colunm of silica and was efaited with ediyl acetate/petroleum e&er (1/1 
followed by 6/5, 6/4 and 7/3). Evqmration of the fractions containing fhe expected product 

20 led to an oil tiiataystailised following trituration with penlane. The solid was collected by 
filtration and dried under vaoium to give 7-(l -<lle?t-butoxycaibonyl)pipmdin^ylmethoxy)- 
6-methoxy-3-((pivak>yioxy)methyl)-3,4-dihydn>quina2olin-4K)ne (232g, 92%). 
MS -ESI: 526 [MNaf 

>HNMR Spectrum: (CDCI3) 1.20 (s, 9H), 1,2-1.35 (m, 2H), 1.43 (s. 9H), 1.87 (d, 2H), 2.05- 
25 2.2 (m, IH), 2 J5 (t, 2H), 3.96 (d, 2H). 3,97 (s, 3H), 4.1-4,25 (br s, 2HX 5.95 (s, 2H), 7.07 (s, 
IH), 7.63 (s, IH), 8.17 (s, IH) 

Elemental analysis: Found C 61,8 H 7.S N 8.3 

CasHarNjOx Requires C 62.0 H 7.4 N 8.3% 

A solutioQ of 7-<l-(ifie7f4>utoxycaitoQyl)pq^ 
30 (^nvaloyloxy)n]eUiyl)-3,4-dihydroquina2oIii}-4-one (2.32g, 4.6nunol) io methylene chloride 
(23ml) containing TFA (Sml) was stirred at ambient tmperature for 1 hour. The vototiles 
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were removed under vacuum. The residue was partitioned between ediyl acetate and sodium 
hydrogen catfoonate. The organic solvent was removed under vacuum and the residue was 
filtered. The precipitate was washed with water, and dried under vacuum. The solid was 
azeotroped with toluene and dried under vacuum to give 6-methoxy-7-(piperidin-4- 
5 ylmethoxy)-3<(pivaloyloxy)mefliyl>3,4-dihydroquinazb 92%). 
MS-ESI:404[MEil* 

^HNMR Spectrum: (DMSOd^ CF3COOD) 1.15 (s, 9H), 1.45-1.6 (m, 2H), 1.95 (d, 2H), 2.1- 
2.25 (m, IH), 2.95 (t, 2H), 3.35 (d, 2H), 3.95 (s, 3H), 4.1 (d, 2H), 5.95 (s, 2H), 7.23 (s, IH), 
7.54 (s,lH), 8.45 (s, IH) 

10 A 37% aqueous solution of formaldehyde (501 fil, 6mmol) followed by sodium 

cyanoborohydride (228mg, 3 .6mmol) were added in portions to a solution of 6-methoxy-7- 
(piperidin^-yhnethoxy)-3-((pivaloyloxy)metfayl)0,4-dihydix)quinazolin-^ (1 .21g, 
3mmol) in a mixture of THF/methanol (lOml/lOnd). After stirring for 30 minutes at ambient 
tmpmtture, the c»ganic solvents were removed under vacuum and die residue was 

15 partitioned betwem mediylene chloride and water. The organic layo: was separated, v^ished 
with water and brine, dried (MgS04) and tiie volatiles were removed by evq)oration. The 
residue was triturated with ether and fhe resulting solid was collected by filtration^ washed 
with ether and dried under vacuum to pve 6Hnethoxy-7-(l-meth^piperidin-4-ylmethoxy)-3- 
((pivaloyloxy)mediyI>3,4-dihydroquina2oIm-4-one (1.02g, 82%). 

20 MS -ESI: 418 [MH]^ 

^HNMR Spectrum: (CDCI3) 1.19 (s, 9H), 1.4-1.55 (m, 2H), 1.9 (d, 2H). 2.0 (t, 2H), 1.85-2.1 
(m, IH), 2.3 (8, 3H), 2.92 (d. 2H), 3.96 (s, 3H), 3.99 (d, 2H), 5.94 (s, 2H). 7.08 (s, IH), 7.63 
(S,1H),8.17(5,1H) 

A saturated solution of ammonia in methanol (14ml) was added to a solution of 6- 

25 methoxy-7-(l-methylpiperidin^ylmethoxy)-3-<(pivaloyloxy)m^^ 

4-oiie (L38g, 3.3nmLol) in medianol (5ml). After stirring for 20 hours at ambient 
temperature, the suspension was diluted with methylene chloride (10ml). The solution was 
filtered. The filtrate was evaporated under vacuum and the residue was triturated with ether, 
collected by filtration, washed with ether and dried under vacuum to give 6-medioxy-7-(l - 

30 mediylpiperidin-4-yhncthoxy)-3,4Hiihydroquina2oIin-4K)ne(910mg, 
MS ^ ESI: 304 [MH]* 
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'HNMR Spectnim: (DMSO<g 1.3-1.45 (m, 2H), 1 .75 (d. 2H), 1.7-1.85 (m, IH), 1.9 (t, 2H), 
2J (s, 3H), 2.8 (d, 2H), 3.9 (s, 3H), 4.0 (d, 2H). 7.13 (s, IH), 7.45 (s, IH), 7.99 (s, IH) 

Example 3a 

5 3 .5M Hydrogen chloride in ethanol (75|ii, 0.26mmol) was added to a suspension of 4- 

cti]oio-6-methoxy-7-(l-niethyIpiperidin-4-ylmetho9qr)qum (SOmg, 0.25mmol)» 
(prepBffed as desmbed for the starting mataial in Sample 2cX in isopropanol (3ml), die 
mixture was heated to SO^C and 4-chlon>-2-fluc»oaniline (44mg, 0.3mmol) was added. The 
mixture was healed at r^ux for 30 minutes. Afb^ cooling, tiie mixture was diluted widi 

10 ^er(3ml). The precipitate was collected by fihration, washed with ether and drie^ 
vacuum to give 4-(4-cUoro-2-fluoroaiiitino)-6-methoxy-7-<l-methylplperidin-4- 
ylmethoxy)quiiiazoIme hydrochloride (105mg, 82%). 
MS -ESI: 431-433 [MHO* 

The NMR spectrum of the protonated form of 4-(4-chloro-2-fIuofoanilino)-6- 

15 metfioxy-7-<l-me&ylpiperidin-4-yimethoxy)quinazolinehydi^^ 
two forms A and B in a ratio A:B of q)pro>umately 9:1. 

NMR Spectrum: (DMSOd^ CF3COOD) 1.55-1.7 (m, fonn A 2H), 1.85-2.0 (m, form B 
4H), 2.05 (d, fonn A 2H), 2.1-2.2 (m, form A IH), 2.35 (s, 3H); 2.79 (s, fom A 3H), 2.82 (s, 
fonn B 3H), 3.03 (t, fonn A 2H). 3,2-3.3 (m, form B 2H); 3.3-3.4 (m, form B 2H), 3.52 (d, 

20 fonn A 2H), 4.02 (s, 3H), 4. 13 (d, form A 2H), 4.3 (d, fonn B 2H), 7.41 (s, IH), 7.47 (dd, 
IH), 7.63 (t, IH), 7.69 (dd, IH). 8.19 (5, IH), 8.88 (s, IH) 
Hcanental analysis: Found C 51.8 H 5.6 N 10.9 

C22i^N4O2C]F0.4H2O2HaRequires C 51.7 H 5.3 N 11.0% 

25 ExamfJe 3b 

An alternative meihod of prepanrtion is as follows: 

Triphmylphosphine (615mg, Z3mmol) followed by di^yl azodicaiboxylate (369|il, 
2.3mmol) were added to a solution of 4-hydioxymelhyl-l-methylpiperidine (151mg, 
Mmmol), (JMed. Ch&n 1973, 16, 156), and 4-(4-chloro-2-fluoroanilino>7-hydix>xy-6- 
30 methoxyquinazoUne (250mg, 0.78mmol), (prepared as described for the starting material in 
Example 7), in methyloie chloride (5ml). After stirring for 30 minutes at ambient 
temperature, 4-hydioxymethyl-l-methylpiperidine (51mg» 0.39mmoi), triphwylphosphine 
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(102ing, 0.39miiioi) and diethyl azodicaiboxylate (61^1, 0.39mmo!) were added. After 
stiiTing for I S minutes, ihe volatiles were removed under vacuum and the residue was 
purified by column chromatography eluting with methylene chloride/acetonitrile^aetbanol 
(70/10/20 followed by 7S/S/20 and 80/0/20). The firactions containing the expected product 
5 were combined and die volatiles were removed by evq)oration. The residue was dissolved in 
a mbEture of methylene diloride and medianol and SM hydrogm chlcmde in isopfopanol was 
added* The suspension was concentrated and the solid was collected by fihration, washed 
with edier and dried under vacuum to give 4-(4-cUoro-2-fluoroaiiiliiio>4i-niethoxy-7-(l- 
methylpiperidifr4-ylni^oxy)qiuaazQl]iie hydrochlwide (16mg, 4%). 

10 

EMmplc 4 

Under argon^ sodium hydride (60%, 372mg, 9.3mmoI) was added to a solution of 4- 
brDmo-2,6Hii£luoroaniline (1.67g, 8.08mmol) in DMF. After stirring for 30 minutes at 
ambimttmipefaluie, 4^on>-6Hnedioxy-7-(l-melfaylpiperidin-4-ylmetfacncy)quinazol^ 

IS (lJg,4.04nunoQ was added and stimng was continued for a furdi^ The mixture 

WBspouiedonto water (130ml) and eKtracted with ethyl acetate. The cHganic layers were 
washed wilfa water, brine, dried Q4gS0^ and the volatiles were removed by evaporation. 
The residue was purified by column chivmalography on silica^ ehiting with methylene 
chloride/methanoi (95/5) followed by methylene chloride/methanol containing ammonia (1%) 

20 (90/10). The inictions containing the expected product w^e combined and ev^ora^^ The 
residue was triturated with eth^, collected by fihration, washed with ether and dried under 
vacuum at SO^C to give 4-(4-brDmo-2y6Kiifiaonwnilino)-6-methoxy-7'^l-0iethyl^^ 
4-yliiifi||ioxy)quiiuizoline (1 .4g, 70%). 
MS -ESI: 493-495 [MH]^ 

25 NMR Spectrum: (DMSOdJ 1.3^1.45 (m, 2H), L8 (d, 2H), L7-1.9 (m. IH), 1.9 (t. 2H). 
2.17 (s, 3H), 2.8 (d, 2H), 3.95 (s, 3H). 4.02 (d, 2H), 7.2 (s, IH), 7.63 (s, IH), 7.6 (s. IH), 
7.82 (s,lH), 8,35(8, IH) 

Elemental analysis: Found C 53.8 H 4.8 N 11.3 

C22H23N402BrF2 Requires C 53.6 H 4.7 N 11.4% 
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ExampleS 

Using an analogous procedure to that d^cribed in Example 4, 4H:hloro-6-methoxy-7- 
(l-inethylpipaidin-4-ylniethoxy)quioazoline (246mg, 0.764mmol), (prepared as described 
for the starting material in Example 2q), was reacted with 4-diloro-2,6-difluoroanil]ne 
5 (2S0mg, l.SSmmoIX (see WO 97/30035 Example IS), in DMF (9ml) and in the presence of 
sodium hydride (609^, 76.5mg, 1.9mmol) to give 4-(4-cUoro-2,6-difluoiiHudlino)-6- 
iiiethoxy-*7-<l*methyIpiperidin-4-ylmethoxy)quinazoIine (210mg, 61%). 
MS -ESI: 449^51 [MH]* 

^HNMRSpeclnmi: (DMSOdJ 1.3^1.45 (m. 2H), 1.8 (d, 2H), 1.7-1.9 (m, IH), 1.9 (t, 2H), 
10 22 (s, 3H), 2.8 (d, 2H), 3.96 (s, 3H), 4.02 (d, 2H), 7,21 (s, IH), 7.52 (s, IH), 7.54 (s, IH), 
7.82 (s, IH), 8.35 (s, IH) 

ElCTiental analysis: Found C 59.0 H 5.3 N 12.5 

Ca^KaNAClF^ Requires C 58.9 H 5.2 N 12.5% 

IS The starting material was prq)ared as foUov^: 

4-Chloio-2,6-di£hioioaniline hydrodiloride (see WO 97/30035 &cample 15) was 
partitioned betwem metfaylrae chloride and water and aqueous sodium hydrogen carbonate 
was added until the pH of the aqueous layer was approximately 9. The organic lay^ was 
separated, washed with brine^ dried (MgS04) snd evaporated to give 4-chlon>-2^6- 

20 difluoroaniline free base. 

A suspension of 4-diloro-6-m€diOKy-7-(l-methyipiperidin-4-yhnetfaoxy)quinazoU^ 
(200mg, 0.622mmolX (prepared as described for the starting material m Koimple 2c) and 2- 

25 fluoro-4-me1hylamline (94mg, 0.764mmol) in isopropanol (5ml) containing 6.2M hydrogen 
chloride in isopropanol (1 lOpl) was stirred at 80°C for 1.5 hours. After cooling, the 
precipitate was collected by filtration, washed with isopropanol, followed by edier and dried 
under vacuimi. The solid was purified by column chromatography, eluting with methylene 
chlorideAnethanol (90/10) followed by 5 % ammonia in methanol/methylene chloride 

30 (10/90). Evaporation of the fiactionscontaiiiing the expected product gave 4^2-fiuoro-4- 
iiieth^aaUino)-6-m^oxy-7-(lHneth^piperidiB-4-ylii^^ (17Qmg, 61%). 

MS -ESI: 411[MH]" 
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^HNMR Spectrum: (DMSO(U 1.3-1.45 (m, 2H), 1.8 (d, 2H), 1.7-1.9 (m, IH), 1.9 (t, 2HX 
2.2 (s, 3H), 2.35 (s, 3H), 2.8 (d, 2H), 3.95 (s, 3H), 4.01 (d, 2H), 7.1 (d, IH), 7.13 (d, IH), 
7.16 (s, IH), 7.4 (t, IH), 7.81 (s, IH), 8.32 (s, IH), 9.4 (s, IH) 
Elemental analysis: Found C 66.5 H 6,7 N 13.7 

5 C23H27N4O2FO.3H2O Requires C 66.4 H 6.7 N 13.5% 

Example 7 

I'^/eit-ButoxycailKmyM^ydioxymetfaylpiperidine (59Qmg, 2.75mmolX (prepared as 
described for Ihe starting material in Example 1), followed by triph^ylphospiiine (1 .2g, 

10 4.58nmioI) and diethyl a2XKiicaiboxylate (0.72ml, 4.58mmoi) were added to a solution of 4- 
(4-daloro-2-fluon>anilino)-7-hydroxy-6-methoxyquinazoline (585mg, l,83mmol) in 
methylene diloride (20ml). After stirring for 1 hour at ambient temperature, further 
triphenyiphosphine (239mg, 0.91mmol) and diediyl azodicaiboxylate (0.14ml, 0.91mmol) 
wereadded. Afierstiniiigfor 1.5 hours, the volotiles were rmioved undo* vacu^ 

IS residue was purified by oolunm chromatography ehiting with etiiyl acetate/methylme chloride 
(1/1). The crude product was used directly in the next step. 

A solution of tiie crude product m mediylene diloride (ISml) containing TFA (4.5ml) 
was stiired at ambient temperature for 1 .5 hours. Hie volatiles were ronoved under vacuum. 
The residue was partitioned between water and ethyl acetate. The aqueous layer was adjiBted 

20 to pH9.5 with 2N sodium hydroxide. The organic layer was separated, washed with water, 
followed by brine, dried (MgSOJ and evaporated to give 4-(4-cliIoro-2--fluoroaniliBo)-6- 
methoxy-7-^iperidiB--4-ylBiethoxy)qum8zoliiie. 
MS -ESI: 417^19 [MH]^ 

*HNMR Spectnnn: (DMSOd^ IAA3 (m, 2H), 1.75 (d, 2H), 1.85-2.0 (br s, IH), 2.55 (d, 
25 2H), 2.95 (d, 2H), 3.95 (s, 3H), 4.0 (d, 2H0, 7,2 (s, IH), 7.35 (dd, IH), 7.55 (dd, IH), 7.6 (t, 
IH), 7.8 (s, IH), 8.35 (s, IH), 9.55 (5, IH) 

The hydrodiloride salt was made as follows: 

4-(4-Chloro-2-fluoioanilino)-6-methoxy-7-(pip«idin-4-ylmethoxy)quina2olm^ was 
30 dissolved in a mixture of methanol/methylene chloride and 6M hydrogen diloride in eth^ 
was added. The volatiles were removed under vacuum, the residue was triturated with edier, 
collected by filtration, washed with ether and dried und^ vacuum to give 4-(4-chloro-2-> 



wo 01732651 PCT/GBOQ/04181 

-45- 

ilaoro>6-iiiethoxy-7-(piperidiii-4-ylmeliioxy)q hydrochloride (39Qmg, 47% 

over 2 steps). 

Elemental analysis: Found C 50.4 H 5^ N 11.0 

C21H22O2N4CIF2.25HCI Requires C 50.6 H 4.9 N 11,2% 

5 

The starting material was prepared as follows: 

A solution of 7-benzyloxy-4K:Uoio-6-methoxyquinazolme hydnodiloride (1.2g, 
4mmol), (prq)aied as described in WO 97/22596, Example 1), and 4-chlon>-2-fhioroaniline 
(444)i], 4mmol) in 2-pn>panol (4Qml) was heated at reflux for 1 .5 hours. After cooling, tiie 
10 precipitate was collected by filtration, washed with 2-propam>l then ether and dried unda- 
vacuum to give 7-benzyloxy-4-(4-chIoro-2-fluoroanilino)-6-methoxyquinazoline 
hydrochloride (l.ng, 64%). 
m.p. 239-242X 

*HNMR Spectrum: (DMSOd^ 4.0(s, 3H); 5.36(s, 2H); 7.39-7.52(m, 9H); 8.1(s, IH); 8.75(s, 
IS IH) 

MS-ESI:410[MHr 

Elemental analysis: Found C 59.2 H 4.3 N 9.4 

CjzHnNaOjClF IHCl Requires C 59.2 H 4,1 N 9.4% 

A solution of 74)mzyloxy-4-(4-chloro-2-fluon>anilino)-6-medioxyquinazoIine 

20 hydrochloride (892mg, 2mmol) in TFA (10ml) was heated at refhix for 50 minutes. Afte 
cooling, the mixture was poured onto ice. The precipitate was collected by filtration, 
dissolved in methanol (10ml) and basified to pHl 1 with aqueous ammonia. After 
conceotradon by evaqporation, the solid product was collected by filtratimi, washed with water 
then edio: and dried under vacuum to give 4-(4-diloro-2-fhioioanilino)-7-hydnixy-6- 

25 medioxyquinazoline as a yellow solid (46Qmg, 72%). 
m.p. 14M43X 
MS -ESI: 320-322 [MH]^ 

'HNMR Spectrum: (DMSOd^ 3.95(s, 3H); 7.05(s, IH); 7.35(d, IH); 7.54-7.59(m, 2H); 
7.78(s, IH); 8.29(s, IH) 
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Examples 

A susprasion of 7-(l-(ter^butoxyc8Ibonyl)piperid^n-4-ylmethoxy>^ 
methylanilino)-6-methoxyquinazoliiie (318mg, 0.64mmol) in methylene chloride (5ml) 
containing TFA (2.5ml) was stirred at ambient temperature for 2 hours. The volatiles were 
S removed under vacuum and the residue was partitioned between methylene chloride and 
water. The aqueous layo* was adjusted to pHlO-11. The organiclayer was separated, washed 
with water, brine, dried (MgSOj and the volatiles were ranoved by evaporation to give 4-(2^ 
fiaoitH4^methyIaiiilino)-6-iiiethozy-7-^ip^ 87%). 
MS--ESI397[MH]+ 

10 NMR Spectnim: (pMSOd^ 1. 15-1.3 (m, 2H); 1J5 (d, 2H); 1.85-2.0 (m, IH); 2.4 (s, 3H); 
3.0 (d, 2H); 3.3-3.4 (d, 2H); 3.95 (s, 3H); 4.0 (d, 2H); 7.04 (d, IH); 7.15 (d, IH); 7.17 (s, 
IH); 7.4 (t, IH), 7.8 (s, IH); 8.3 (s, IH); 9.4 (s, IH) 

The starting material was prepared as follows: 

15 Using an anaio^nis procedure to that described in Example 6, 7-bmzyloxy-4-dhloio- 

6-metlioxyquinazoline hydrochloride (L5Sg, 5.15mmoI), (prepBred, for example, as 
desoibed in WO 97/22596, Example 1), was reacted witb 2-fh]on>-4-metfayIanilme (70Qmg» 
5.67mmol) in isqpropanol (90ml) containing 6^M hydrogen diloride in isopropanol (80^1, 
O.Slnunol) to give 7-benzyloxy-4-(2-fhioio-44nethylanilino)-6-metl^ 

20 hydrochloride (2^91%). 
MS -ESI: 390 [MH]* 

'H NMR Spectrum: (DMSOd^ 2.4 (s, 3H), 4.01 (s, 3H). 7.15 (d, IH), 7.25 (d, IH), 7.35-7.6 
(m, 7H), 8.3 (s, IH), 8.78 (s, IH) 

A solution of 7-benzylo?i^'*4-(2-fluon>4-methylanilino)-6-metho9^quinazoline 

25 hydrochloride (2g, 4.7mmol) in TFA (20ml) was heated at SO^'C for 5 hours and stirred at 
ambient temperature overnight The volatiles were removed under vacuum and the residue 
was susp«ded in water (50ml). Solid sodium hydrogen carbonate vfBS added until Ifae pH 
was proximately 7. The predpitate was then collected by filtration, washed with water and 
dried under vacuum. The solid was pwified by column chromatography ehiting witb 

30 methanol/methylene chloride (5/95), AfterremovalofthesolventbyevaporaticHi, the solid 
was triturated with ether, collected by filtration, washed with ether and dried under vacuum to 
give 4*<2-fluoro-4-methylanilino>'7-hydroxy-6-methoxyquinazoline(1.04g, 74%). 
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MS -ESI: 300 (MHJ" 

'HNMR Spectrum: (DMSOd^) 2A (s, 3H), 4.0 (s, 3H), 7.15 (d, IH), 7.22 (s, IH), 7.25 (d, 
IH), 7.41 (t, IH), 8.05 (s, IH), 8.7 (s, IH), 11.0 (s, IH), 11.5-11.8 (brs, IH) 

Triphenylphosphine (2.19g, 8.36mmol) was added to a suspension of 4-(2-fluoro-4- 
5 methyIanaino)-7-hydn>xy-6-me1hoxyquinazolme (Ig, 3.34mmol) in methylene ddmde 
(10ml) €ooled at O^'C, followed by l-<rer/-tmtoxycaib<n)yl)-44iydioxymediylpiperidine 
(l.OSg, S.Olmmol), (prepared as described for the starting material in Example 1), and diediyl 
azodicaiboxylate (1.3 Iml, 8.36nmiol). After stirring for 2 houn at ambimt temperature, the 
voladles were removed under vacuum. The residue was purified by column diromatography 
10 ehiting with methylene chloride/metfianol (2^8). After removal ofthesolvrat by 

evaporadcHi, die residue was triturated with ether, collected by filtration, washed with ether 
and dried under vacuum to give 7-(l-(ter/-butoxycarbonyl)pipOTdin-4-ylmethoxy>4-(2- 
fluoio-4-methylaniiino)-6-methoxyquinazoline (327mg, 20%). 
MS-ESI:497[MH]+ 

15 ^HNMR Spectrum: (DMSOd^ 1.15-1.3 (m, 2H); 1.45 (s, 9H); 1.8 (d, 2H); 2.0-2.1 (m, IH); 
2.4 (s, 3H); 2.75-2.9 (br s, 2H); 3.95 (s, 3H); 4.0 (br s, 2H); 4.05 (d. 2H); 7.1 (d. IH); 7.15 
(d, IH); 7.2 (5, IH); 7.4 (t, IH); 7.85 (t. IH); 8.32 (s, IH); 9.45 (s, IH) 

Example 9 

20 A solution of 4-(4-bromo-2,6-difluoroanilino)-7-(l-(rer/-butoxycaitonyl)piperidin-4- 

ylmethoxy)-6-methoxyquinazoline (578mg, Immol) in methylene diloride (10ml) containing 
TFA (4ml) was stirred at ambient traiperature for 2 hours. The volatiles were removed und^ 
vacuum and the residue was suspended in water. The aqueous layer was adjusted to 
q)pioximately pHlO and was extracted wiOi mefhylrae chloride. The organic layer was 

25 washed witii water, brine , dried (MgSOJ and the volatiles were ronoved by evaporation. 
The residue was triturated with edier and dried under vacuum to ^ve 4-(4-broffio-2»<»- 
diflttoroaiiilino>4S-methoxy-'7-<^peridiih4-ylmea^ (llOmg, 23%). 

MS -ESI: 479-481 [MH]+ 

^HNMR Spectrum: (DMSCky 1.15-^1.3 (m, 2H) ; 1.75 (d, 2H) ; 1.85-2.0 (br s, IH) ; 2.5 (d, 
30 2H) ; 3.0 (d, 2H) ; 3.97 (s, 3H) ; 4.0 (d, 2H) ; 7.2 (s, IH) ; 7.62 (d, 2H) ; 7.82 (s, IH) ; 8.35 
(s,lH) 
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'HNMR Spectrum: (DMSOd^; CF3COOD) 1.5-1.65 (m, 2H) ; 2.0 (d, 2H) ; 2.15-2.3 (br s, 
IH) ; 3.0 (t, 2H) ; 3.4 (d, 2H) ; 4.02 (s, 3H) ; 4.15 (d, 2H) ; 7.4 (s, IH) ; 7.75 (d, 2H) ; 8.1 (s. 
IH) ; 8.92 (s, IH) 

5 The starting material was pr^>ared as follows: 

Sodium hydride (60%, 612mg, lS.3mmol) was added to a sohition of 4-bnmio-2,6- 
difhioroaniline (277g, 6.65mmol) in DMF (80ml). After stirring for 30 minutes at ambient 
tmiperature» 7-benzyloxy-4-chlofo-6-methoxyquiQazoline (2g, 6.6SmmolX (prepared, for 
example, as described m WO 97/22596, Example I, but the free base was generated prior to 

10 iiseXv^ added and stiiring was maintained for 4 hours. The mixture was paitittoned 
betwem ethyl acetate and water (200ml). The organic layer was separated, washed with 
water, brine, dried (N^S04) and die volatiles were removed by evaporation. The residue was 
triturated with isopropanol, collected by filtration, washed with ether and dried under vacuum 
to give 7-benzyloxy-4-(4-bromo-2,6-difluoioaniiino)-6-methoxy(|uinam (l-9Sg, 62%). 

15 MS. ESI: 472-474 [MHl^ 

^HNMR Spedium: (DMSOd«) 3.94 (s, 3H), 5.3 (s, 2H), 7.3 (s, IH), 7.4 (d, IH). 7.45 (t, 2H), 
7.5 (s, IH), 7.55 (d, IH), 7.65 (d, 2H), 7.85 (s, IH), 8,35 (s, IH), 9.4-9.6 (br s, IH) 

Using an anafoggus procedure to that desOTt)ed for the synthesis of die starting 
matmai in Example 8, 7^)enzyloKy-4-(4-bromo-2,6-difluoroanilino)-6-methoxy^ 

20 (1 .9g, 4.02mmol) was reacted widi TFA (20ml) to give 4-(4*-bn)mo-2,6-difhioroanilino)-7- 
hydroxy.6-medioxyquina20ime (1.5g, 98%). " 

*HNMDR Spectnmi: (DMSOd^) 3.95 (s, 3H), 7.1 (s, IH), 7.6 (s, IH), 7.65 (s, IH), 7.8 (s, IH), 

8.3 (s, IH), 9.45 (br s, IH), 10.5 (br s, IH) 

Using an analogous procedure to Aat described in the prcfwation of the starting 
25 material in Example 8, 4-(44)romo-2,6^1ifluoToanilino)-7-hydroxy-64ne&oxyquinazoline 

(Ig, 2.62mmo!) was reacted with l<feit4>uloKycafbonyl)-4-hydrQxymediylpiperidine 

(845mg, 3.93mmol), (prepared as described for the starting material in Example 1), to give 4- 

(44>n)mo-2,6-difluoroanilino)-7-(l-(/is/t4>uloxycarb(^ 

methoxyquinazoline (620mg , 41%). 
30 MS- ESI: 579^581 [MH|+ 
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^HNMR Spectnim: (DMSOde) L15-1.3 (m, 2H); 1.45 (s, 9H); 1.8 (d, 2H); 2.0-2.1 (m, IH); 
2 J-2.9 (m, 2H) ; 3.95 (s, 3H) ; 4.0 (br s, 2H) ; 4.05 (d, 2H) ; 7.22 (s, IH) ; 7.65 (d, 2H) ; 
7.85 (s, IH) ; 8.35 (s, IH) ; 9.4-9.6 (br s, IH) 



5 Example 10 

Using an analogous procediiFe to that described in Example 9, 7-(l-(terr- 
but0xycaibcmyl^>iperidiii-4-ylmedioxy)-4-(^^ 

methoxyquinazDline (9Smg, 0.2mmol) in meOiylene chloride (2ml) was treated widi TFA 
(800|il) to give 4-(4HdiloiHH2y6-diflaoroaiiilino)-6-metha^-7-(pipe^ 
10 yimethoxy)qiiinazoliiie (2(hng, 26%). 
MS - ESI: 435-437 [MH]+ 

NMR Spectrum: (DMSOd^) 1.2-1.3 (m, 2H); 1.75 (d, 2H) ; 1.85-2.0 (br s, IH) ; 2.5 (d, 
2H) ; 3.0 (d, 2H) ; 3.97 (s, 3H) ; 4.0 (d, 2H) ; 7.2 (s, IH); 752 (d, 2H) ; 7,85 (s, IH) ; 8.35 (s, 
IH) 

15 

The staitiDg material was prepffl^ as follows: 

Using an analogous procedure to fhat described for the preparation of the starting 
material in Sample 9, 7-b«izyloxy-4-dLloro-6-me4hoxyquinazoIine (184mg, 0,61mmolX 
(prepared, for example, as desoibed in WO 97/22596, Example 1, but the free base was 
20 generated prior to use), was reacted with 4-chloro-2,6^ifluoroaniline (200mg, 1.22mmol) in 
the presence of sodium hydride (60%, 87mg, 1.4mmol) in DMF (8ml) to give 7-bm2ytoxy-4* 
(4-chlon>-2,6-difluon>aiulino)-6^ethoxyquinazoline (212mg, 74%). 
MS-ESI:428[MH]+ 

^H NMR Spectrum: (DMSOd^ 3.96 (s, 3H); 5.31 (s, 2H); 7.32 (s, IH); 7.4 (d, IH); 7.45 (t, 

25 2H); 7.5-7.6 (m, 4H); 7.85 (s, IH); 8.35 (br s, IH); 9.55 (br s, IH) 

A solution of 7^)^izyloxy-4-(4-^lon>-2,6Hlifhioroaiulino)-6-methoxy 
(200mg, 0.47mmol) in TFA (3ml) was stirred at 80°C for 3 hours. Afker cooling, the 
volatiles were removed under vacuum and the residue was dissolved in water containing 5% 
methanol. The pH was adjusted to 8 with sodium hydrogen carbcmate and &e solid was 

30 collected by filtration and washed with water. The solid was solubilised in a mixture of ethyl 
acetate/methanol/methylene chloride (47/6/47). The volatiles were removed under vacuum to 
give 4-(4-chloro-2,6-difluoroanilino>'7-hydn)xy-6-metfaoxyquinazoline (I26mg, 80%). 
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MS-ESI:338[MH]+ 

»HNMR Spectrum: (DMSOd^ 3.95 (s, 3H); 7.1 (s, IH); 7.55 (d, 2H); 7.8 (s, IH); 8.3 (s, 
lH);9.42(brs, IH) 

Using an analogous procedure to that described for the preparation of the starting 
5 material in Example 9, 4-(4-chloro-2,6-difluoroani}ino)-7-hydroxy-6-medioxyquinazoline 
(ISOmg, 0.44mmol) was reacted with Hr«/f4>utoxycaiiK>nyl)-4-hydroxymeifaylpiperi 
(ISQmg, 0.88nmiolX (prepared as desoibed for the starting material in Example 1), to give 1- 
(l-(rer/-butOKycarbonyl)piperidin-4-ylmetfaoxy)-4-(^^ 
medioxyquinazoline (n3mg» 59%). 
10 MS-ESI:535[MH]+ 

^HNMR Spectrum: (DMSOdJ 1.15-1.3 (m, 2H); 1.45 (s, 9H); 1.8 (d, 2H); 2.0-2.1 (m, IH); 
2.7-2.9 (m, 2H); 3.95 (s, 3H); 4.0 (br s, 2H); 4.05 (d, 2H); 7.2 (s, IH); 7.6 (m, 2H); 7.8 (s, 
IH); 8.35 (s, IH); 9.4-9.6 (br s, IH) 

15 Bynmpi^n 

The fblkywing illustrate representative pharmaceutical dosage forms ocmtaining the 
compound of formula 1, or a pharmaceutically acceptable salt thereof (hereafi^ compound X), 
for therapeutic or prophylactic use in humans: 



20 (a) Tablet I mg/tablet 

Compound X 100 

Lactose Ph.Eur 1 82.75 

Cioscannellose sodium 12.0 

Maize starch paste (5% w/v paste) 2.25 

25 Ma^eshmi stearate 3.0 

(b) Tablet n meftablet 

Compound X 50 

Lactose Ph.Eur 223 .75 

30 Croscarmellose sodium 6.0 

Maize starch 15.0 

Polyvinylpyrrolidone (5% w/v paste) 2.25 
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(c) Tablet m 

Compound X 
Lactose Ph.Eur 
Croscaimetiose sodium 
Maize stardi paste (5% vi/v 
Magnesium stearatB 



me/tablet 

1.0 

93^5 

4.0 

0.75 

1.0 



10 (d) Capsule 

Compound X 
Lactose Ph J^tr 
Magaesium stearate 



mg/capsule 
10 

488.S 
1.5 



15 (e) Injection I 

Compound X 

IM Sodium hydroxide solution 
0. IM Hydrochloric acid 
(to adjust pH to 7.6) 
20 Polyethylene glycol 400 

Water for mjection to 100% 



(50mg/ml) 
5.0% w/v 
15.0% v/v 



4.5% wAr 



(f) Inj^qnP 
Compound X 
25 Sodium phosphate BP 

0. IM Sodium hydroxide solution 
Water for iiyection to 100% 



10 mg/ml) 
1.0% w/v 
3.6% w/v 
15.0% v/v 



(g) Injection III 
30 Compound X 

Sodiimi phosphate BP 
Citric acid 



f Ime/mLbufifered to oHS^ 
0.1% wAr 
2.26% w/v 
0.38% w/v 
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Polyethylene glycol 400 3.5% w/v 

Water for injectioii to 100% 

The above formulations may be obtained by conventional procedures well known in the 
5 phaimaceutical art The tablets (a)-(c) may be enteric coated by conventional means, for 
example to provide a coating of cellulose acetate phlhalate. 
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CLAIMS 



J. 



A quinazoiine derivative of the fonnula I: 




(I) 



wherdn: 

m is an iitt^er from 1 to 3; 

represents halogeno or C,.3alkyl; 
10 represents -0-; 

is selected from one of the following three groups: 

1) C,.jalkylR^ (wliemn is piperidin-4-y! whidi may bear one or two substituests select 
from hydroxy, hdogeno, Cj^alkyl, Ci^hydroxyalkyl and C^alkoxy; 

2) C^alkenylR^ (wherein R' is as defined herdn); 
IS 3) Cz^salkynylR^ (wherein R^ is as defined herein); 

and i^OTin any alkyl, aikenyl or alkynyl group may bear one or more substttuents selected 
from hydroxy, halogeno and amino; 
or a salt thereof. 

20 2, A quinazoiine derivative as claimed in claim 1 wherein the phenyl grcnip bearing 
(R\ is sdected fh>m 2-fluoro-4-metfaylidienyl, 4-diloro-2,6-difhioroiAenyl, 4-bromo-2,6- 
difluorophenyl, 4-Ghk>ro-2-fluon^henyl group and 4-bnimo-2-fh]orophenyl. 

3. A quinazoiine derivative as dahned in claim 1 or claim 2 wherein R^ is Cj.jalkylR^ 
25 (wherdn R' is as defined in claim 1). 
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4. A quinazoline derivative as claimed in any one of the preceding claims wherein is 
piperidin*4-yiniethyl in which the piperidine ring may bear one or two substituents selected 
from C,,4alkyL 

S 5. A quinazoline doivative of the fbnnuiall: 




wherein: 
10 ma is an integer from 1 to 3; 

R'"" represents halogeno or C,^alJ^l; 
X^" Tepresents -0-; 

R^ is selected from one of the following three groups: 
1) C,.5alkylR^ (wherein R' is as defined in claim 1); 
15 2) Cj^salkenylR^ (wherein R^ is as defined in claim I); 
3) Cs^s^lkynylK.^ (wherein R^ is as defined in daim 1); 
or a salt thereof. 

6. A quinazoline derivative selected from: 
20 4-(4-chlon>-2-fluomanilino>6-methoxy-7-<l-mediylpip^din-4- 
4-(2-ffaiorD-4-mediylanilino)-^medioxy-7-^l-m^ylpiperidin-4^ 
4-(44>romo-2-fIu<MX>anilino)-6-methoxy-7-<l-me^ 

4-(4-chloro-2,6-difluoioaniKno)-6-m^oxy-7-<l -mrthylpiperidin-4-ylmethoxy)quniazoline, 
4^4-bfomo-2,6-difhK>ioannino)-6-methoxy-7-<l-m^ 
25 4-(4-chk>ix>-2"fluoroanilino)-6-m^oxy-7-(piperidin-4-ylmedioxy)qu 
4-(2-fluoro-4-mcthylanilino)-6-me1hoxy-7-(piperidin-4-ylmethoxy)quin^ 
4«(4-bromo-2-fluoroanilino)-6-medioxy-7-(piperidin-4-ylmethoxy)quina^ 
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4-<4-diloro-2,6-difluoroanUiiio)-6-methoxy-7^^ and 

4-(4*bromo-2,6-difluoroanilino)-6-methoxy-7-(piperidm-4-yM 

and salts thereof. 

S 7. A quinazoime derivative selected from: 
4-<4K:hk>io-2-fhi€m)anilinD)^medio^^ 
4-<4«4}romo-2-fluon)aniImo)-6-methoxy-7-<l-meth 
4-<4-chlon>-2,6-difluoroanilmo)-6-medioxy-7-(l-metfayl^^ 
and 

10 4-(44)romo-2,6-difluoii>anilmo)*6-melfaoxy-7-^ 
and salts thereof. 

8. A quinazoUne derivative selected from: 
4-(4-bmmo-2-£hioioanilino)-6-n(iethoxy-7-(l-mediylp^ 

IS and salts thereof . 

9. A quinazoline derivative as claimed in any one of tiie preceding claims in the fonn of 
a phannaceutically acoqitable salt 

20 10. A process for the preparation of a quinazoline derivative of formula I, as defined in 
claim 1, or a salt thereof which comprises: 
(a) the reaction of a compound of the formula ni: 



wherein and are as defined in claim 1 and is a displaceable moiety^ with a compound 
of the formula IV: 



25 




30 
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(IV) 

wherein and m are as defined in claim 1; 

(b) the reaction of a compound of the formula V: 




(V) 



wherem and are as defined in claim i with a compound of formula VI: 

20 R^-L' (VI) 

wherein R"^ is as d^m.ed in claim 1 and is as d^ned herein; 
(c) the reaction of a compound of the fonnula VII: 




30 (VII) 



with a compound of the formula VIH: 
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R^-X*-H (vni) 

iwherein K\ R\ m and are as defined in claim 1 and L' is as defined hereii^ or 
S (d) the deprotecdonofa compound ofihe formula DC: 




wherein R^, m and are as defined in claim 1, and R^rq)resents a protected Regroup 
IS whereia R^ is as defined in daim I but additionally bears one or more protecting groiquP^ 
and V9hm a pharmaceutically acceptable salt of a quinazoline derivative of foimuia I is 
required, reaction of the compound obtained with an acid or base whereby to obtain the 
desired phaimaoaidcally accqrtable salt. 

20 1 1 . A pharmaceutical composition which comprises as active ingredi^t a compound of 
formula I as defined in claim 1 or a [diarmaoeutically acceptable salt tibereo^ in association 
with a pharmaceutically accq>tabie excipient or carrier. 

12. The use of a compound of the fonnula I, as defined in daim l^ora, pharmaceutically 
25 accqrtable sate Ifamof in the manufacture of a medicammt for use in lfaepn>duc^ 

antiangiogenic and/or vascular permeability reducing effect in a warm-blooded animal sudi 
as ahumanbraig, 

13 . A method for producing an antiangiogenic and/or vascular penneabiiity reducing 

30 effect in a warm-blooded animal in need of sudi treatment whidi comprises administering to 
said animal an effective amount of a compound of formula I as defined in claim 1 or a 
pharmaceutically acceptable salt thereof. 
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